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The Journal of 
Bone and Joint Surgery 


EDITORIALS AND ANNOTATIONS 


SURGICAL TREATMENT OF UNUNITED FRACTURES 

From the point of view of basic science the experimental material in the paper by Leo 
Jarry and Hans K. Uhthoff, published in this issue of the Journal, is quite convincing and 
therefore should be available in a scientific archive for other workers in this field. From the 
point of view of the clinician there are features which may cause some disquiet if acceptance 
by this Journal is mistaken as approval for clinical trial on human subjects. Without wishing 
to belittle this contribution, the Editorial Board considered that an annotation on this subject 
might help to establish historical perspective. In clinical trials of any new method for uniting 
a pseudarthrosis we have to be more than usually cautious, because patients with a pseudarthrosis 
usually have already passed a considerable portion of their span of active life as invalids and 
usually they have already suffered one or two disappointments after previous operations. 

We have to bear in mind that the problem is the treatment of the fully established 
pseudarthrosis, and this experimental work on rats is concerned with much more recent 
fractures than is customary with the true pseudarthrosis. We have to bear in mind that this 
experimental work on rats was done with an intramedullary nail in position, yet the authors 
consider that for a human pseudarthrosis it would suffice to “ reactivate’ the bone ends 
by the * petal *’ method and that it would suffice thereafter to immobilise the fragments with 
nothing more effective than a plaster. 

The greatest value of this paper lies in the emphasis it lends to the biological approach 
to osseous union as opposed to the purely mechanical attitude. Orthopaedic surgeons are 
drawn together by their delight in engineering techniques and precision instruments; the 
epoch of Albee, though involving craftsmanship akin more to the cabinetmaker than the 
engineer, has generated an affection for certain operative procedures which are hard to 
abandon. It is sad to forgo the pleasure of making a close-fitting inlay graft and sad never 
more to shape a cortical graft and fix it to a carefully prepared bed, with all the pleasant 
tricks of drilling and sawing, to end with the final satisfaction of good work well done when 
all screws are finally driven home. To exchange the skill acquired in this type of bone grafting 
for the crude procedures of the ** petal *’ technique might seem a retrograde step; but whether 
we like it or not we shall have to face the fact that a growing body of opinion is favouring 
techniques similar to, if not identical with, the “ petal” method. 

The idea that the ends of the bones can still possess a potential for osseous union even 
in a pseudarthrosis, a potential which can be released by a relatively trivial operative procedure, 
was known to a minority of surgeons many years ago. In England we credit Elmslie, as 
reported by Jackson Burrows (1940), with teaching in the early 1920's that it was unnecessary 
to resect bone ends or remove intervening fibrocartilaginous tissue when grafting a 
pseudarthrosis and using a simple inlay without screws or metallic internal fixation. An even 
more dramatic demonstration of osteogenic potential in a pseudarthrosis was demonstrated 
by Naughton Dunn (1939), who considered a bone graft to be unnecessary and that to treat 
non-union it sufficed merely to turn up flakes of periosteum-covered bone in a manner which 
he called his “‘subcortical procedure,” which nowadays is commonly called “shingling.” 
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4 EDITORIALS AND ANNOTATIONS 


The success of this method depended on preserving intact the fibrocartilaginous material 
between the bone ends. Phemister arrived at these same conclusions and his paper (1947), 
probably more than any other, drew attention to the fact that there were simpler and safer 
methods than the massive cortical graft with screw fixation which at that time was tending to 
be regarded as the most desirable form of treatment. Phemister used slices of cortical bone 
laid subperiosteally on one side of the ununited fracture and it was a natural step to find 
autogenous iliac bone superior for this purpose. The ability of cancellous bone to survive, 
in whole or in part, in the presence of slight infection has rendered it possible to graft successfully 
by this technique ununited fractures which have been recently compound and infected. 

The fundamentat idea underlying this approach to the treatment of non-union is that the 
fibrocartilaginous tissue intervening between the bone ends does not appear to be the fully 
differentiated tissue which in the past it was assumed to be, and once the fibrous union has 
been bridged by a slender graft the gap between the ends of the bones will fill with bone 
and disappear. It might be suggested that the graft could have some sort of “ catalytic ” 
action on the fibrous tissue interposed between the ends of the bones, but a more likely 
explanation of the disappearance of the fracture gap is that it is another example of Wolff's 
Law. Wolff’s Law cannot start to operate until continuity of bone has been established, and 
continuity can be considered to be established even though it is through the most precarious 
of bridgeheads. Once osseous continuity has been achieved, even though by a devious route 
which circumvents the fracture, the action of normal physical stresses over a long time will 
cause the bony architecture of the part to return to normal. 

We see therefore that there is considerable past clinical experience to support some of 
the ideas advocated by Jarry and Uhthoff and of which this paper serves as an opportune 
reminder; but there are also important details which must not be overlooked. To preserve 
intact the ossifiable fibrocartilaginous tissue between the bone ends, which is common to the 
methods just mentioned, and which may be the essential source of their success, has been 
discarded by Jarry and Uhthoff, because the “petal’’ technique cannot be performed without 
full exposure of the ends of the bones. 

A successful result after any operation for fully established pseudarthrosis, where the 
bone ends are densely sclerosed and avascular and where a synovial cavity may be developed, 
is never achieved with much of a margin for success. One cannot lightheartedly say that 
there is no need for internal fixation in a pseudarthrosis possessing a free range of movement 
in the false joint. The best way to manage a pseudarthrosis is to prevent its developing. The 
use of iliac cancellous bone, applied as subperiosteal slices after the manner of Phemister, is 
so free from the danger of serious sepsis that it can be contemplated very much earlier than 
was customary in the use of massive onlay grafts of autogenous cortical bone. Subperiosteal 
grafts applied in cases of delayed union can prevent the development of pseudarthrosis, and 
the success rate is much higher than that of any method of treating the fully developed 
pseudarthrosis. 

The paper of Jarry and Uhthoff is thus important in reminding us that the bone ends, 
in delayed union and in non-union, still possess osteogenic potential, and further experimental 
work to devise ways of exploiting this potential are strongly to be encouraged. 

JOHN CHARNLEY. 
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THE TROCHANTERIC RECONSTRUCTION OPERATION 
FOR UNUNITED FRACTURES OF THE UPPER END OF THE FEMUR* 


PAUL C. COLONNA, PHILADELPHIA, UNITED STATES OF AMERICA 


When a conscientious surgeon hears a description of a radical surgical procedure he 
asks himself: what have been the long term results obtained from the operation recommended ? 
What are the indications and technical difficulties of such a procedure, and what precautions 
have been pointed out by the author in the technique and after-care? The surgical technique 
of most orthopaedic operations is not difficult in the hands of a capable surgeon, but the 
difficulty presented both to the young orthopaedic surgeon, and to the more mature, is to 
choose the procedure most suitable for the particular orthopaedic problem. 

The trochanteric reconstruction operation was first performed in April 1931 on a fifty-five- 
year-old woman who had been treated by the Whitman abduction method and non-union had 
resulted. This patient presented the typical features of shortening, pain and instability. In the 
following few years we performed the operation on five other patients with non-union of the 
neck of the femur; some having aseptic necrosis of the head, but none with gross cartilaginous 
destruction in the acetabulum. In 1935 we published six cases in the Journal of Bone and 
Joint Surgery. 

TECHNIQUE OF OPERATION 

The technique has remained practically unchanged since my original paper of 1935. 
A curved incision is made, beginning one inch behind the antero-superior spine, passing 
downwards and crossing the femur about five inches below 
the tip of the greater trochanter (Fig. 1). The fascia is 
divided and all the muscles attached to the greater trochanter 
are carefully divided near their insertions. Care is taken 
not to remove any part of the underlying bone, and to 
leave the upper end of the femur covered by a thin layer 
of muscle and fibrous tissue (Fig. 2). The superior gluteal 
nerve is well out of the operator’s way and is not in danger 
of being injured. The capsule is opened longitudinally 
and afterwards divided transversely, close to the greater 
trochanter—preserving as much of the capsule as is possible. 
The limb is adducted and rotated outwards; the upper end 
of the femur is freed by cutting the piriformis, gemelli, 
quadratus femoris and obturator muscles close to their 
insertions. The loose head is removed and the cervico- 
trochanteric region inspected. If spicules of the fragment of 
the neck remain they are chiselled off flush with the inner 
surface of the shaft and this raw area is covered over with 





adjacent tissues (Fig. 3). The most favourable type of case Fic. i 
is one in which the neck has been completely absorbed, The skin incision. 


its site being occupied by dense avascular fibrous tissue. 

When the greater trochanter has been freed of all its muscle attachments it can be easily 
pulled down and placed deeply within the acetabulum. In all the patients operated upon the 
* Read at the Spring meeting of the British Orthopaedic Association, April 30, 1959, at Torquay, England. 
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greater trochanter has been found to be easily reducible and of a size that permitted it to be 
sunk deeply inside the acetabulum. The thickened capsule and abductor muscles are pulled 
down while the limb is held in about 20 degrees of abduction. The fibres of the vastus lateralis 
are identified and separated subperiosteally to expose the shaft of the femur. A bony trough 





Fic. 2 Fic. 3 
Figure 2—Dotted line of incision for dividing muscles attached to upper end of greater trochanter down to 
level of lesser trochanter. Capsule incised and sectioned circumferentially close to base of neck. Loose head 
removed. Figure 3—After removal of head, limb rotated laterally and any nubbin of neck chiselled off flush 
with medial femoral cortex. 





Fic. 4 Fic. 5 
Figure 4—Abductor muscles retracted. The upper end of the greater trochanter and the raw bone at base of 
neck is covered with a layer of soft tissue. A bone slot is prepared laterally ready to receive the downward 
transplanted abductor group of muscles. Figure 5—After placing the greater trochanter deeply into the 
acetabulum with the limb in abduction, the abductor muscles are firmly attached to femoral shaft. The vastus 
lateralis fibres are then reefed over, assuring secure fixation to their new insertion. 


is made on the lateral aspect as far down as the abductor muscles, detached from the greater 
trochanter, will reach when the limb is in about 20 degrees of abduction (Fig. 4). Before the 
bony trough in the shaft of the femur is made care is taken to have the patella pointing 
upwards. Two small drill holes are made in the shaft of the femur in an antero-posterior 
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™ plane; the muscles are drawn down snugly to this position and held in place by a kangaroo 
ail tendon suture (Fig. 5). The vastus lateralis is then carefully reefed over the new insertions of 


the gluteus medius and gluteus minimus muscles; the wound is closed in layers. A long plaster 
spica is applied from the metatarsal heads to the axilla with the limb in about 20 degrees of 
abduction and in full extension (Fig. 6). 


POST-OPERATIVE MANAGEMENT 
After four weeks the plaster is bivalved; active and passive movements in bed are begun; 
these movements are helped by an overhead swinging apparatus (Fig. 7). 
The leg is held in a posterior splint with a pillow placed between the thighs to prevent 
adduction for the first few weeks. Active abduction swinging is continued for several weeks 
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FIG. 6 Fic. 7 
Figure 6—Application of a single hip spica which is worn for four weeks after operation. Figure 7 
Balanced suspension apparatus applied after removal of plaster. It is important to place sandbag between 
the limbs to prevent adduction of affected limb. 
and is combined with heat and massage to the muscles of the thigh and hip. Eight weeks after 
operation the patient is usually able to walk with the aid of crutches and is encouraged to 
walk with a cane as soon as possible (Figs. 8 and 9). 
e of 
ard 
the RESULTS 
stus = : s R 
Since the first report in 1935 the operation has been assessed by a number of surgeons. 
As the result of a questionnaire sent out in 1939 to twenty-one orthopaedic surgeons in the 
ne United States we found 121 operations had been performed and that the questionnaires were 


the complete enough to permit a careful analysis of seventy patients. In forty-two of the seventy 
patients no surgery had been done before the trochanteric reconstruction operation; we found 


ing ae 
that 60 per cent were excellent and 28 per cent fair; a total of 88 per cent satisfactory results. 


rior 
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Lewis and Ghormley (1954), reporting on fifty-seven patients from the Mayo Clinic, had 
73 per cent satisfactory results. Speed (1956) mentioned forty operations done in the Campbell 
Clinic with 82 per cent satisfactory results. 

From 1935 to 1958 almost every patient operated upon by me had had some type of 
preceding hip surgery; because the closed conservative method of treatment for this type of 
fracture had largely been superseded by open reduction and pinning or by the use of the stem, 
or intramedullary, prosthesis. 

SELECTION OF PATIENTS AND OPERATIVE TECHNIQUE 

For the last few years, in addition to using this operation in selected cases of non-union 
of the femoral neck, we have also used it in a few patients in whom a stem prosthesis or an 
intramedullary prosthesis had been used and had failed to give a successful result. We have 
not felt that degenerative arthritis of the hip joint, in itself, has been a suitable indication. 
We believe that the cartilaginous destruction of the acetabular roof does not offer the best 





Fic. 8 
Radiograph of damaged femoral head and non-union after fixation. 


opportunity for free and painless movement. Therefore. we do not advocate the operation 
for the patient with malum coxae senilis or for any case that shows a shallow or wandering 
type of acetabulum as in congenital hip dysplasia, or presents evidence of erosion of the 
acetabulum by disease or pin protrusion. 

All patients presented shortening, pain and instability before operation and the aim of 
the operation has been to lessen or completely abolish pain, to produce a stable secure hip, 
and to lengthen a shortened limb. Shortening is particularly evident when the greater trochanter 
has ridden above its normal position; in these patients traction for a week or ten days before 
operation has been found to be helpful. Not only must the clinical signs and symptoms be 
carefully judged in an individual case before operation, but also a great deal of information 
about the suitability of this procedure can be reached by a careful study of the pre-operative 
radiographs. Is the head necrotic? Has the head been severely damaged by trauma or previous 
surgery so that its salvage is not possible? Is the joint space normal, indicating a good covering 
of cartilage in the acetabulum; and is the acetabulum of normal depth? 
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In an analysis of the technical difficulties there are several points that one must focus 
attention upon. Firstly, after carefully exposing the greater trochanter and its attached 
muscles, we should cut these muscles close to the underlying bone, taking care not to expose 
bone around the area of the greater trochanter. The lateral rotators of the hip are cut and 
the capsule is divided close to its insertion around the trochanteric region. This allows the 
upper end of the femur to be completely freed from its pelvi-trochanteric soft-tissue attachments 
so that the index finger can be swept freely around the greater trochanter down to the level 
of the lesser trochanter. If we find, as we frequently do, that a nubbin of the femoral neck 
remains, it is essential that a sharp osteotome should be used to remove all of the neck flush 
with the femoral shaft; the raw bony surface is then covered with adjacent soft tissues. This 
will prevent the greater trochanter from being levered out of its bed after being put deeply in 
the acetabulum. The greater trochanter, having been put deeply in the acetabulum, with the 
capsule acting as a curtain over it and the abductor muscles firmly fixed in their new insertion, 
the limb is then placed in about 20 degrees of abduction in a plaster spica. If the adductors 
are tight, we tenotomise them, subcutaneously, 
before applying the spica. Usually, we remove 
the plaster in four weeks and then place the limb 
in a balanced suspension apparatus, preventing 
adduction by putting a sandbag between the legs 
during the active or convalescent period. Before 
the wound is closed we must be sure that the 
transplanted muscles have been properly attached 
so that the limb is neither in medial nor in lateral 
rotation, but in the strictly neutral position with 
the patella pointing upwards. This is easily achieved 
if the lateral rotators of the hip have been cut as 
already described. If the limb is in lateral rotation 
when the spica is applied, the lateral rotators will 
quickly repair themselves and the limb will be 
found, unfortunately, to be in a position of fixed 
lateral rotation. The level of the trochanteric tip 
is normally from one-half to one-quarter of an inch 
lower than the level of the upper surface of the 
femoral head. Therefore, if this inequality is 
allowed to exist for the first year after operation Fic. 9 
the trochanter is kept in a more secure position by —_ Radiograph eight years after the trochanteric 
being in a little abduction. We do not recommend, "onstruction operation. — Functional result 


; rai " Y excellent. 
therefore, any raising of the shoe for many months 





after operation. 

As a precaution against post-operative dislocation one must be careful to have the 
patient on a firm mattress after the plaster is removed. This isdone four weeks after operation, 
and passive and active movements are begun by the balanced suspension apparatus, encouraging 
the patient to develop active power in the transplanted abductor muscles as soon as possible. 
If a therapeutic pool is available it can be very beneficial in developing and improving active 
abduction before the patient begins to bear weight. Ordinarily we try to get these patients 
out of bed, with the aid of a walker, seven to eight weeks after operation, graduating to 
crutches or sticks as soon as they can tolerate it. 

We feel that the operation described may offer an opportunity to salvage hips that have 
been treated unsuccessfully by prosthetic arthroplasty. As Smith-Petersen used to say, “a 
prosthesis sacrifices the stock so radically that it may be necessary to fuse some of these cases, 
although the use of this trochanteric reconstruction operation may salvage some of these hips 
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from arthrodesis.” Although arthrodesis must retain a definite place the complete loss of 
movement is seldom a desirable feature. Also, the long time required for fusion of the hip in 
many of these elderly patients makes its use debatable. 


SUMMARY AND CONCLUSION 
I have attempted to call attention briefly to an operation that has proved to be of use in 
many patients with non-union of the neck of the femur and have tried to point out not only 
the indications but also the contra-indications, and to stress some of the precautions in the 
technique and after-care of the operation. This trochanteric reconstruction operation may 
help to solve some of the problems related to the ununited hip fracture. 
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SEPTIC ARTHRITIS OF THE HIP AND OSTEOMYELITIS 
OF THE UPPER END OF THE FEMUR IN INFANTS 


ARTHUR L. EyRE-BROOK, BRISTOL, ENGLAND 


This paper is a review of nine children who had a septic arthritis of the hip and who can 
be accepted as examples of Tom Smith’s disease or acute arthritis of infancy, with one other 
example of an extensive osteomyelitis of the femur in an infant. A review of the literature 
suggests that it is not a very common disease and a report of a small personal series may 
prove useful. 

Every study of this subject should start with Thomas Smith’s classical review of septic 
arthritis of infancy in 1874. His study was not confined to any one joint and included thirteen 
fatal cases in which he made a careful post-mortem examination of the joints, from which he 
concluded that the septic arthritis usually resulted from the rupture into the joint of a 
metaphysial, or occasionally an epiphysial, abscess; in other words, that the process usually 
began as an osteomyelitis. Among his eight surviving patients were three with a persisting 
dislocation after a septic arthritis of the hip. He was the first to realise that a haematogenous 
osteomyelitis or arthritis of infancy, when not fatal, recovered rapidly with no persisting 
sinuses and no late complications—in contrast to the relapsing osteomyelitis which was usually 
expected in those days in older patients. 


CLINICAL MATERIAL 

Table I summarises the case histories in this series. The age of onset ranged from a few 
days (three infants) to twelve months; six out of the ten patients were under three months 
of age. The duration of symptoms before admission varied between seven and twenty-eight 
days in the seven cases in which this point was recorded. 

None of the infants had a high temperature after admission: although a few were very 
ill and most showed marked local swelling (Figs. | and 32), often with purple discolouration, 
yet in none was the temperature above 101 degrees Fahrenheit (38-3 degrees Centigrade). 
The swelling of the thigh is often shown in the early radiographs (Figs. 9 and 12). The 
limited constitutional upset in the presence of severe bone and joint infection—sometimes 
with multiple foci—has been noted by others; Greengard in 1946 classified his patients into 
two groups, one showing very slight constitutional reactions and the other a severe and often 
overwhelming toxaemia. The introduction of antibiotics has favoured the first group, and no 
death occurred in this series. 

In Case 10 the osteomyelitis was extensive but the hip joint escaped, while in Case | the 
hip and upper third of the femur were involved; yet the extent of the swelling and the position 
in which the limb was held gave no indication of this important difference in pathology. 

The organisms responsible for these infections were: Streptococci, 2; staphylococcus 
aureus, penicillin resistant, 1; staphylococcus aureus, sensitivity not known (1936), 1; 
pneumococcus, penicillin sensitive, |; gram negative bacillus, possibly haemophilus, 1. 

In two cases the organism could not be determined because no pus was obtained, and in 
two the records are inadequate. Although the streptococcus was found more often than it is 
in Osteomyelitis and septic arthritis in older children it did not dominate the picture as in the 
series recorded by Green and Shannon (1936) in which 60 per cent of infections were caused by 
this organism. Potter (1954) also noted the frequency of streptococcal infection in an excellent 
review of osteomyelitis of the new-born. 
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TABLE I 
TEN INFANTS WITH SEPTIC ARTHRITIS OF THE HIP AND OSTEOMYELITIS OF THE UPPER FEMUR 





Age Durationof Pyrexia Lat Follow- 
Case at symptomson after Treatment Organism coved Result up 
number onset admission admission we period 
Drainage of 
abscess down to ee ee 
28 days. Never bone. Traction Staphylococcus _— we eee 
9 (Septic above _ with abduction. aureus. a anormal 8 weed 
weeks __ finger at 100° F. Streptomycin21 (Penicillin pm od re ck — pean 
onset)  (37:7°C.) days. Later resistant)  Pannec H a 
abduction eee 


plaster 5 weeks 





Aspiration. . Remnants of 
eve Gram er pees 
' Penicillin : capital epiphysis 
Never negative, . : 
12 inane locally and pleomorphic Abduction attached to 
Zz “be 42360 2 days : é systemically. - osteotomy acetabular rim. 10 years 
months 7 0r° Fr. + . bacillus An 
383°C Traction 7 weeks. aa, 5 years Femoral neck 
(38-3° C.) Walked afte possibly remained i 
alked after) amophilus remained in 
8 months 7 P acetabulum 
| Loss of | 
; : oss of capité 
Only once Drainage of . ove in ua 
| 2 ak pliers , . Abduction epiphysis. 
3 ° 21 days above abscess. Haemolytic osteotomy Neck remained 14 years 
weeks “ °% 100 F. (Minor surgery.) streptococcus 36 \eare in net orci acs 
(37-7 C.) Sulphathiazol ‘ alia Pgh ‘ 
| ¢ inch shortening 
| , . . 
| No dislocation. 
j . Epiphysis 
‘ No : Abduction : ij 
| 4 6 No records Abscess Staphylococcus 9 survived. Loss 5 : 
} iectbet records Jee psn osteotomy faba * 20 years’ 
weeks” available |) aspirated aureus "of epiphysial 
| available at 10 years ce 
| ? plate. 2} inches 
| shortening 
| . . . ~ 
Penicillin for (Severe 
21 days. Full siieaiion ind 
: . Ss é é 
abduction in pai er ‘ 
< 3 12 dav 102 Ff. Plaster or splint None mee = ) — 
“months ** “(3g ¢.) for 4 months. obtained Tar poe. ut ian 
Je . Good reduction 


Some abduction 
in splint for 
further 14 months 


and coxa magna 
resulted 











In two of these infants skin sepsis had occurred within a few days of the onset of the bone 
and joint infection, and the possibility of the umbilicus as a source of entry must be accepted 
in a further three infants in whom the illness started within a few days of birth. The importance 
of skin sepsis was stressed by Green and Shannon (1936). 


TREATMENT 

The literature reveals a difference of opinion on the early surgical treatment, some surgeons 
(Wilkinson 1952, Nicholson 1949) strongly advising aspirations only, whereas Blanche (1952 
advised drainage. The treatment in this series was determined by the clinical picture; in most, 
aspiration was sufficient, and in only two cases did the local swelling and induration seem to 
call for the open drainage that was employed. This lends some support to those who confine 
their surgery to aspiration. The soft bones and delicate periosteum are readily penetrated by 
the pus; much bone necrosis does at times occur but the powers of repair in infancy seem to 
make light of this. 

If the lesion is mainly a septic arthritis—albeit resulting from intra-articular rupture of a 
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TABLE I—continued 








¥ Age 
Case ‘8 
number at 
onset 
21 
6 ve 
days 
| 
| 
| 
lL | 
days 
| 
| 
6 
months 
| 
9 12 
months 
10 


days 


Duration of Pyrexia 
symptoms on after 
admission admission 


No 
No records ocords 
available oe 
available 
Records 
deficient. 
(Also had No 
osteomyelitis seni 
lower end r 
of opposite 
femur) 
100 F. 
7.70 
I2days ‘°""! C.) 
’ on two 
occasions 
103 F. 
4 (39-4 C.) 
ay 
days on two 
occasions 
12 days. 
Sepsis on 
skin of 101 F. 
wrist. (38-3° C.) 
(Also had on two 


osteomyelitis occasions 
of thoracic 
spine) 


Late 
Treatment Organism surgery 
ee Abduction 
Abscess drained. osteotomy 


Minor surgery 
( gery) at 2 years 


No record of 
early treatment. 
Resultant 
subluxation 
treated in 
abduction plaster 
for some months, 
Starting at 
9 months of age 


No records 


Dry aspiration. 
Penicillin. 
Traction. 
Abduction 

splintage. Plaster 
and later splint 
for 10 months 


Aspiration, 
Penicillin. 
Traction. 
Abduction 
plaster 3 months 


Pneumococcus 
(Penicillin 
sensitive) 


Drainage with 
drilling of 
intertrochanteric 


region. No pus 
from hip Haemolytic 
aspiration. streptococcus 


Penicillin. Leg 
heldinabduction; 
so no splintage 
was needed 


Follow- 
Result up 
period 


No dislocation. 
Epiphysis 
survived. Loss 
of epiphysial 
plate. 24 inches 
shortening 


10 years 


(Subluxation 
and moderate 
epiphysial 
change.) 
Good reduction 
and mild coxa 
magna resulted 


10 years 


(Subluxation 
and severe 
epiphysitis.) 
Good reduction 
with marked 
coxa magna 


8 years 


(Subluxation 
and epiphysitis.) 
Good reduction 

with slight 
coxa magna 


4 years 





(Gross 
osteomyelitis 
of whole 
femoral shaft.) 
Complete 
resolution 


4 years | 





metaphysial focus 
the abducted position, seem to suffice. 


aspiration, local and systemic antibiotic treatment, and rest to the joint in 
If the osteomyelitis is widespread in the bone (although 


the hip was spared in Case 10), and if there is much local swelling with tense and often 
discoloured skin, then it is probably best to release the pus by free incision and to close the 
skin immediately. No wide dissection seems necessary because the pus is usually encountered 


during separation of the muscles. 
Poor results seem to arise from the frequently insidious course of the disease with a late 


diagnosis and treatment; free drainage cannot then save the joint (Case 1). 


We need to be 


very much on the lookout for this condition, which, like osteomyelitis in general, seems to be 
becoming rather more prevalent. Wilkinson’s (1952) somewhat fatalistic approach was summed 
up in his remark: ** The story of these hips has been written when the patients reach us.” 
He is right to the extent that really improved results will come only with earlier diagnosis, 
which, at the time it should be made, is of course purely clinical and has no radiological 


confirmation. 


Late surgery has been confined to abduction osteotomies both in patients in whom the 
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Fics. | To 4 
Case 1. Figure 1—This child was nine weeks 
old on admission. There was fluctuation in 
the adductor region. Tractionand abduction 
for a total of three months. Figure 2—Two 
weeks later. Figure 3—Two years later. 
There is no sign of the epiphysis, and 
dislocation has occurred. Figure 4—An 
arthrograph showing no cavity save that 
outlining the cartilaginous neck of the femur 
two and a half years after the acute arthritis. 





Fic. 3 Fic. 4 





Fic. 5 Fic. 6 


Fics. 5 to 8 
Case 2. Figure 5—Twelve months old, 
this child had a history of five weeks. 
Dislocation with separation of the 
ischaemic capital epiphysis has occurred. 
Figure 6—Nine weeks later, after 





penicillin and aspiration, the dislocation | 
and separation of the epiphysis persists. \ 
The child has been on traction for seven { 
weeks. Figure 7—The capital epiphysis 
is seen to be adherent to the acetabular - 
lip three and a half years later. Figure 8 ' 
The capital epiphysis has united with 
acetabular lip five years after the acute 
arthritis and eighteen months after | 
osteotomy. The range was: flexion, 80 
degrees; abduction, 30 degrees; internal a 
rotation, full; external rotation, 5 degrees. 
> : — S 
There was | inch of shortening. , 
Fic. 7 Fic. 8 a 
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SEPTIC ARTHRITIS OF THE HIP AND OSTEOMYELITIS OF THE UPPER END OF THE FEMUR IN INFANTS 





epiphysial plate was destroyed and in those in whom the femoral neck was retained in the 
acetabulum although the capital epiphysis was destroyed. In all, the osteotomies have 
contributed greatly to stability at the hip. Surgery for the child with complete dislocation 
(Case 1) may be along the lines advocated by L’Episcopo (1936) and Harmon (1942); an 
arthrograph can reveal a good femoral neck and confirm the absence of a capital epiphysis. 


RESULTS 
The period of observation on these patients is from two years upwards. In three of them 
it exceeds five years; in three, ten years; and in one it exceeds twenty; so some impression of 











Fic. 9 
Case 3—Eight weeks old. This child had a 
dislocation of the right hip on admission. 
Treatment was by incision of the abscess, 
sulphanilamide and traction. 








Fic. 10 Fic. 11 
Case 3. Figure 10—Six years later the neck of the femur is in the acetabulum. Figure | 1—Eight years 
after controlled abduction osteotomy and fourteen years after the arthritis the range of movement is: 
flexion, 170-80 degrees; abduction, 10 degrees; external rotation, 20 degrees; shortening, } inch. 


later results can be obtained. The outcome of the disease was: 1) Loss of capital epiphysis 
with persisting dislocation—one; 2) loss of capital epiphysis—neck of femur in acetabulum— 
two; 3) loss of epiphysial plate and survival of capital epiphysis in acetabulum—two; 
4) epiphysial changes leading to coxa magna—four; 5) gross osteomyelitis of whole femoral 
metaphysis, with the hip escaping infection and the capital epiphysis remaining normal—one. 

The present series includes two infants treated before penicillin was available (1936 and 
1944), while the other eight were born in more fortunate days. While antibiotics have played 
an important part in the treatment of the later patients, it must be noted how reasonably 
successful the two infants (Cases 3 and 4) were in mastering their infection without the 
assistance of these powerful drugs. 
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Fic. 12 Fic. 13 


Case 4. Figure 12—A six-weeks-old baby had an abscess of the hip and dislocation on admission. 
Figure 13—Three weeks later. 
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Fic. 14 Fic. 15 
Case 4. Figure 14—Eight months later. Figure 15—After two years the femoral shaft has not ridden up. 








= C 
Fic. 16 Fic. 17 d 
Case 4. Figure 16—Ossification of the capital epiphysis was first seen when the child was nearly four years old. re 
Here it is seen at the age of nine years. The epiphysial plate has been destroyed, and there is a fibrous union. y 
Figure 17—At the age of twenty, six years after controlled abduction osteotomy, the range of movement is: h 


flexion, 180-90 degrees; abduction, 20 degrees; external rotation, 45 degrees; shortening, 2} inches. 
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Fics. 18 To 20 
Case 5. Figure 18—At three and a half months, 
no capital epiphysis can be seen on either side, 
but there is dislocation on the left, with osteo- 
myelitis of the upper end of the femoral shaft. 
; Treatment was with penicillin and abduction 
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with no aspiration or incision. Figure 19—At 

five months the subluxation persists in spite of 

the treatment in abduction. Figure 20—Treat- 

ment was continued in abduction for eighteen 

months. Here the result is shown when the child 
was nine. 








Fic. 20 





Fic. 21 Fic. 22 Fic. 23 
Case 6. Figure 21—This infant was a few days old when the abscess was incised. Penicillin was given. The 
destruction of the epiphysial plate is shown here at eighteen months but the capital epiphysis has survived and 
remains in the acetabulum. Figure 22—Controlled abduction osteotomy at two years of age. Figure 23—Nine 
years old. The plate has been removed and there seems to be a fibrous union. The abduction at the osteotomy 
has largely grown out. The range of movement was: flexion, 180-90 degrees; abduction, 20 degrees; external 
rotation, 0-150 degrees; shortening, 24 inches. 
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Fics. 24 To 26 
Case 7. Figure 24—Eleven days old. Septic 
arthritis of the left hip and osteomyelitis of the 
lower end of the right femur in an eleven-days- 
old baby. Subluxation of the left hip is seen 
here nine months after the acute arthritis 
Figure 25—At eighteen months a well centred 
epiphysis shows epiphysitis with a widened 
cartilage space around it. Figure 26—There is 
some coxa plana at seven years of age. 





Fics. 27 To 29 
Case 8. Figure 27—A six-months-old baby with 
a two-weeks’ history on admission. Subluxation 
and metaphysial changes are seen in this 
radiograph ten days later. No fluid was obtained 
on aspirating the hip. Penicillin was given anc 
traction in abduction was maintained for ten 
months. Figure 28—Five months later there is 
subluxation and considerable epiphysial change 
Figure 29—Two and a half years later there is < 
marked coxa magna. The child is three. 
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Fic. 30 Fic. 31 
Case 9. Figure 30—Twelve months old, this child had a seven-days history. Pus was aspirated from the hip, 
which was treated with penicillin. Traction for four days was followed by an abduction plaster for three months. 
Figure 31—The epiphysial changes are disappearing when the child is nearly three years old, twenty months 
after the septic arthritis. 
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Fic. 32 


Fics. 32 AND 33 
Case 10. Figure 32—Twenty-seven-days-old child F 33 
with a ten-days history. Pus was released from nadees 
the intermuscular planes and the medulla of the bone, which was drilled. No fluid was obtained on aspirating 
the hip. Figure 33—The radiograph on admission. The soft-tissue swelling is easily seen. 


Fics. 34 AND 35 
Case 10. Figure 34—Four weeks later, the 
leg is still held in abduction and requires no 
splintage. Figure 35—Fifteen months later. 





Fic. 34 Fic. 35 
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The prognosis largely depends on the survival of the epiphysis and the epiphysial plate. 
The dislocations and subluxations were successfully controlled in all but one infant, in 
whom the femoral neck without its capital epiphysis lies well outside the acetabulum. In two 
patients with destruction of the epiphysis the femoral neck has been kept in the acetabulum 
and has so far given stability and good movement, and in one the epiphysis survived sufficiently 
to form a graft on the upper lip of the acetabulum, providing a valuable shelf under which 
the femoral neck appears securely held. Apart from these three, there are two in whom the 
capital epiphysis has been preserved but the epiphysial plate has been destroyed and replaced 
by a fibrous union. No metaphysial growth has occurred and some shortening has developed 
(so far two and a half inches); yet satisfactory hip movement is maintained. In one of these 
the epiphysis was not recognisable in the radiograph until the child was nearly four years old; 
the survival of the epiphysis could be suspected because the femoral neck did not ride up, 
but an arthrograph is clearly needed before any reconstructive surgery in such an infant is 
undertaken. This interesting case has been followed for nearly twenty years. 

Of the remaining five cases, four showed epiphysial changes, somewhat resembling the 
ischaemic epiphysitis which occurs in congenital dislocation of the hip under treatment. In 
the more severely affected it possibly implied a septic epiphysitis, as demonstrated by 
Smith in 1874. All developed some degree of coxa magna although retaining a hip without 
symptoms or clinical signs of abnormality. 

The last child (Case 10), with the greatest bone change in the femur, has retained the most 
nearly normal femoral head of the whole series, but no septic arthritis occurred in this infant. 


SUMMARY 

A series of ten infants is reported, seven of whom showed evidence of osteomyelitis of the 
upper end of the femur; the remaining three did not, but presented with an acute subluxation 
of the hip in a febrile illness. Four sequelae among the seven more severe cases were: 1) 
destruction of the capital epiphysis with dislocation at the hip; 2) destruction of the capital 
epiphysis, the femoral neck remaining in the acetabulum; 3) destruction of the epiphysial 
plate with the femoral head, remaining in the acetabulum, connected to the femoral neck by 
a fibrous union; 4) recovery with coxa magna but no other deformity. 

The streptococcus plays a greater part in this osteomyelitis of infancy than in osteomyelitis 
of older children, but various other organisms were identified. The organism should be 
sought by blood culture as well as from the local lesion. 

Aspiration of the hip, treatment of the hip in abduction and the use of the appropriate 
antibiotic are recommended. If there is marked swelling and induration, freer release of the pus 
is strongly advised. 

Controlled abduction osteotomy plays a useful part in stabilising the femoral neck in 
the acetabulum or in stabilising the femoral neck beneath the capital epiphysis, but may usefully 
be preceded by an arthrograph because late ossification of a detached head sometimes occurs. 
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RADIOACTIVE ISOTOPES IN FRACTURES OF THE NECK OF THE FEMUR 


G. P. ARDEN, WINDSOR, ENGLAND 


From the Heatherwood Orthopaedic Hospital, Ascot 


Many workers have over many years tried to find a reliable method of detecting damage 
to the blood supply of the femoral head soon after fracture of the neck of the femur. Up to 
now the most promising method has been that in which a radioactive isotope is given 
intravenously and the amount of it appearing in the femoral head and trochanter is measured. 

In 1950 Tucker published a preliminary report on the use of radioactive phosphorus. 
The isotope was given intravenously one hour before operation at which small samples of 
bone were removed with a hollow drill from the femoral head and trochanter. The dried ash 
of these samples was measured for its P®* content and the result was expressed as a ratio 
between the P*? contents of the trochanter and head. 

Before this, animal experiments had confirmed that the ratio was normally 1-0 but that 
f all vessels to the head of the femur were divided a ratio of up to 14 was obtained; evidently 
some absorption of P*® into the head from the surrounding synovia and blood occurred. 

Tucker applied this method to thirteen patients, carrying out the investigation at the time 
of nailing the fracture. With a one to two years’ follow-up there appeared to be a good 
correlation between a normal or near-normal ratio and bony union. He found that a ratio 
of up to 3-0 could be regarded as indicating a satisfactory blood supply in the head. He found 
no harmful effects from the use of P®*. Boyd in 1951 made a preliminary report on the use of 
this method in animals and in a few patients, taking direct measurements with a needle counter. 

Arden and Veall in 1950 reported on the use of P® with bone sampling in twenty-two 
cases. They studied sixteen fractures of the femoral neck and six intertrochanteric fractures, 
following them up for six to twelve months. In all the five surviving patients with inter- 
trochanteric fractures union occurred and the ratios were normal (0-4 to 2:0). In nine of the 
sixteen cases of fracture of the femoral neck the ratios were low (1 to 2-3) yet three of these 
failed to unite (possibly because of faults in the nailing technique). 

in 1955 Boyd, Zilversmit and Calandruccio published a more extensive series of cases in 
which the method had been used first in dogs and then in patients. 

They found that in dogs the P*? level reached a plateau in about one and a half hours, 
in both the head and trochanter of the femur. Even if the blood supply to the head were 
damaged a plateau was still reached in the head in about the same time but the ratio was 
altered by the P* reading in the head being diminished. They found that in dogs the distribution 
of P®? in the normal femoral head varied and that counts in the posterior inferior segment of 
the head were higher than in the posterior superior segment. The weight-bearing portion of 
the head had the lowest count. Autoradiographs of femoral heads removed from patients 
Showed patchy areas of radioactivity, the unexposed areas corresponding to zones of 
avascularity. They used the method in thirty-two patients with fresh fractures of the neck of 
the femur and in ten with fresh intertrochanteric fractures (controls). As far as possible they 
took readings from the weight-bearing area of the head in each case. The ratios in the cases 
of fracture of the femoral neck varied from 1-3 to 16-7 and in the cases of trochanteric fracture 
from 0-7 to 1-9. The period of observation was not long enough to permit a comparison 
between the clinical results and the ratios of radioactivity. 

The results of these studies are summarised in Table I. 

This paper records the results of an extended trial of the use of P** for the measurement 
of the vascularity of the head of the femur after fracture of the femoral neck. 
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METHOD OF INVESTIGATION 
About one hour before nailing the fracture 200 microcuries of P®* were given intravenously 
in a sterile solution of sodium phosphate. The usual operative procedure was carried out 
until a guide wire was in the correct position. In the first twenty-two cases small samples of 
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TABLE I 


OTHER Isotore Stuptes (P**) 





_— Results: Number of fractures 


Year Author of Method 


fractures Normal ratio Doubtful ratio Abnormal ratio | 


(2:1) (3:1) (4:1 or more) | 


1950 Tucker I 


} N 


Direct sampling 9 l Z 
1953 Arden and Veall 16 Direct sampling 9 2 5 
Boyd, Zilversmit . . 

C o™ - 32 Val 27 y 
1955 and Calandruccio = Direct reading 17 4 I 


1958 Arden 18 Direct reading 15 1 


te 











bone were removed at this stage by a Harris bone biopsy drill from the head of the femur and 
from the trochanter (Figs. | and 2). The nailing operation was completed in the usual way. 
Counts were taken from the bone samples over a period of one minute. The results were 
expressed as counts per minute per milligram of bone, the “ ratio ” being obtained by dividing 
the figure for the trochanteric by that for the capital sample. n 





Fic. | 
Radiographs showing needle in the counting positions n the trochanter and in the head. 


Since 1953 direct readings have been taken at the time of operation with a needle counter 
designed by Veall. This needle counter has a thin probe 15 centimetres long with a diameter 
of 3 millimetres. The sensitive eye is 12 millimetres long and is situated 6 millimetres from 
the tip. The wall of the probe is metal and only -005 inch thick. These needle counters are 
therefore fragile and only last about three to six months. A sterilisable lead connects the 
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enclosed base of the needle counter to a clinical monitor. This apparatus automatically 
counts the number of rays picked up by the needle counter in thirty seconds. The needle 
counter and lead can be sterilised in hot formaldehyde vapour. 

The needle counter was used as follows: the Harris drill was inserted along a suitable 
guide wire and both were then removed. The probe was then passed into the head of the femur 
along this channel and its position was checked by radiographs. The site chosen was usually 








30 e Head 
= a 
e Pi 
S 
2 20 *% Trochant 
° , rochanter 
S Ya 
2 we 
° * 
hi 10 + 7 
3 ao 
2 SS, 

re) 2 4 6 8 10 

Time in Minutes 
Fic. 2 


Rate of absorption of P*? from blood stream in head and trochanter. 
(In this case the fracture united.) 


ibout the centre of the head. A reading was then taken. Immediately after this a further 
reading (Fig. 1) was taken from the trochanteric region of the drill hole. In each case the 
procedure was carried out three times so that an average of the readings could be taken. 
In twenty cases the drill hole was washed out with saline after each reading as it was suspected 
that the blood oozing into this canal might increase the subsequent reading. The irrigation 
was later found to make no difference and was therefore discontinued. 


TABLE II 


AGE, SEX, SipE AFFECTED AND TIME INTERVAL BETWEEN INJURY AND OPERATION 
IN SIXTY-ONE PATIENTS WITH TROCHANTERIC AND CERVICAL FRACTURES 





Number of patients ; , , ; 61 
Average age - . 14 years 
Sex 7 * ‘ : : . z 7 : e ; i 50 F 11 M 
, “ee 37R 24L 
Average time betw een injury and operation 2-4 days 











The nailing operation was then completed in the usual way. It was decided to nail the 
racture whatever the results of the reading so that the results of the investigation could be 
ompared with the clinical result two years after operation. 


MATERIAL 
One hundred patients were studied. In fifteen the investigation was abandoned because 
f technical faults—faults in the counter, false readings from the cable, faults in the clinical 
10nitor and electrical disturbances from the mains supply. Seventeen more cases were 
iscarded because, for reasons to be discussed later, the readings were considered to be 
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unreliable. In the sixty-eight remaining patients there were seven deaths, leaving sixty-one 
cases for analysis. Of these, forty patients had displaced (disimpacted) fractures of the neck 
of the femur and twenty-one had trochanteric fractures (Table II). The period of observation 
was not less than two years in any case. 
RESULTS 
No toxic effect from the P®* was found in any of the hundred patients. In the first twenty 
patients blood counts were done at weekly intervals after operation but no unusual changes 


TABLE III 


ANALYSIS OF CLINICAL RESULT IN TWENTY-ONE TROCHANTERIC FRACTURES 
AND ForRTY FRACTURES OF THE FEMORAL NECK 





Results 
Type of fracture — of 6. ; 
é PS = Avasculk r . 
ractures United ee Non-union 
necrosis 
Intertrochanteric . ‘ 21 21 
Fractured neck of femur 40 25 7 8 











were seen. Examination of the patients with a Geiger counter after operation showed that 
all had excreted nearly all the P** in forty-eight hours. 

In each of the seventeen cases omitted from the series there was a marked discrepancy 
between one reading and the other two, either in the head alone or both in the head and in the 
trochanter. These discrepancies were so large that it was considered that they must have 
been caused by some technical fault in the apparatus. 


TABLE IV 


P®2 RATIOS RELATED TO CLINICAL RESULTS 





Type of fracture Ratio Number Result 
Intertrochanteric *6 to 2°5 20 a 
(controls) . 1 ai 
, ite 
“6 to 2°5 28 . ee necrosis 
(normal) 68) eee 


3 non-union 


Fractured neck 2-6 to 3°5 4 I united 


. o 2 avascular necrosis 
of femur (borderline) (10%) | aoe 
3-6 to 30-0 8 | united 


(20°) 3 avascular necrosis 


(abnormal) 2 aenediine 











All the trochanteric fractures united. Twenty-five of the fractures of the femoral neck 

united; in seven there was evidence of avascular necrosis and eight went on to non-unior 
(Table III). 
Comparison of clinical result with ratio of radioactivity (Table 1V)—In twenty patients wit! 
trochanteric fractures the ratio of radioactivity between the trochanter and head was below 2:5 
In the remaining patient the ratio was 3-0. All these fractures united. The results in th 
forty patients with fractures of the femoral neck can be analysed as follows. 
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Of the twenty-eight patients with a normal P* ratio two developed avascular necrosis and 
three went on to non-union. Details of these five cases are as follows: 

1. Subcapital fracture—P* ratio 2-5. Good reduction and nailing—nail extruded—renailed 

with a plate. Non-union. 

2. Subcapital fracture—P*® ratio 0-8. Good reduction—poor nailing—nail extruded 
renailed. Non-union. 

3. Subcapital fracture—P* ratio 1-7. Imperfect reduction and nailing. Norti-union. 

4. Subcapital fracture—P* ratio 2-1. Good reduction and nailing—good union—but after 
sighteen months segmental necrosis of weight-bearing portion of head occurred. 

5. Transcervical fracture—P* ratio 1-3. Fair reduction and nailing—united—but at one year 
jeveloped avascular necrosis. 

The fractures in the remaining twenty-three patients in this group went on to bony union. 

In the four patients with a borderline ratio one fracture united, two developed avascular 
ecrosis and one failed to unite as follows: 

Transcervical fracture—P* ratio 2-8. Good reduction and nailing—united. 

Subcapital fracture—P* ratio 3-0. 80 per cent reduction—good nailing—developed 

vascular necrosis at two years. 

Transcervical fracture—P* ratio 3-3. Good reduction and nailing—nail extruded 
enailed—united but developed avascular necrosis at nine months 

Transcervical fracture—P* ratio 2-9. Good reduction and fair nailing—nail cut out 
enailed. Non-union. 

In the eight patients with an abnormal ratio one fracture united, three developed avascular 
necrosis and four went on to non-union. Reduction and nailing were good in all these cases. 
The ratios obtained in them were as follows: 

Union—P* ratio 4-1. 

4 vascular necrosis—P* ratios 6-7, 7-0, 10-0. 

Von-union—P* ratios 11-0, 12-0, 20-0, 30-0. 

The twenty-two cases examined by direct sampling compared fairly well with the forty-six 
cases in which direct measurements were taken except that sampling of a damaged head 
tended to give a much lower reading than examination with the needle counter. With sampling, 
ratios as high as 30-0 were recorded, whereas the highest recorded with the needle counter 
was 11-0. In two cases readings from the head and trochanter were taken at two-minute 
intervals from the moment of injection of P**, as it was thought that the rate of climb on the 
resultant chart (Fig. 2) might give a better idea of the vascularity of the head. In both cases 
there was an almost equal rate of rise in the counts, yet union occurred in one case and failed 
in the other. 

DISCUSSION 
In 82 per cent of the cases in which a low P*® ratio seemed to indicate a favourable 
rognosis the clinical result was good. On the other hand union occurred in one patient 
ith a borderline count (2-8) and in one with a definitely abnormal count (4-1). Further, 
ve patients who should have done well, as judged by the P® counts, developed non-union 
avascular necrosis. The discrepancy between expected and actual results could be due to 

‘rrors inherent in the method of investigation or to technical faults in the method of internal 
ixation. 

Sources of error in the method of investigation—As Boyd and his colleagues (Boyd, Zilversmit 
nd Calandruccio 1955) have pointed out, the amount of P*® in the bone depends on many 
ictors apart from the circulation of blood through the bone. These factors however are 
ommon to all cases and cannot anyway be readily excluded. The efficiency of the probe in 
leasuring the radioactivity and, by inference, the vascularity of the femoral head is clearly 
ibject to many and serious limitations. Firstly, most of the [{ rays picked up by the probe 
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emanate from a relatively small area. If the distribution of P® in the femoral head were 
patchy, misleading readings would assuredly be obtained. In fact, Boyd and his colleagues 
have shown that the distribution of P*®* in the head after fracture of the neck is often 
patchy. In cases of non-union where removal of the head was necessary I gave P** intravenously 
one hour before operation and took samples from various sites in the excised head. Readings 
were taken from the trochanter at the time of operation. The ratio was normal near the 
ligamentum teres and became abnormal near the fracture line (Fig. 3). It is clear that there 
may often be a difference in the radioactivity of different parts of the femoral head and that a 
misleading result can be given if the eye of the probe happens to lie ina patch of good vascularity. 

The question is raised whether the position of the probe in the centre of the head as used 
in this study is the correct one. Trueta and Harrison (1953) showed that the superior weight- 
bearing part of the head, supplied by the superior epiphysial artery, is particularly liable to be 
deprived of its blood supply after a fracture of the neck. Boyd and his colleagues have suggested 
that, because of the liability of this part of the femoral head to avascular necrosis, counts 
should be taken from it rather than from the centre of the head. 








LIGAMENTUM 
TERES 





) 


LINE OF 
FRACTURE 





Fic. 3 


Head of femur excised three months after fracture of femoral neck 

resulting in non-union. P*2 given one hour before operation. 

Radioactivity at different sites in the excised fragment compared 
to that in the trochanter. 


Technical faults in internal fixation—Technical faults in operation may be imperfect reduction 
and inadequate internal fixation. These faults were in fact obvious in only one of the cases 
of subcapital fracture in which a poor result was associated with an apparently favourable 
P®? ratio. The solution to the problem of the apparently well-placed nail which slides out may 
lie in the use of nail plates and lag screws of the Charnley type (Charnley, Blockey and 
Purser 1957). Too little is known of the role of post-operative treatment in determining failure 
after operation on a fracture of the femoral neck to allow valid comment on this possible 
cause of failure. Lastly, it is possible that the damage caused by the introduction of a hollow 
drill may determine failure. Trueta and Claffey (1957) have produced evidence to show that 
the introduction of a nail is unlikely to cause damage to the blood supply of the head. It is 
therefore unlikely that the much smaller drill would inflict significant damage. 


SUMMARY 


1. A method is described for measuring blood flow to the head of the femur after fracture 
of the femoral neck, by estimation of the rate of uptake of radioactive phosphorus. 

2. Of one hundred cases investigated the readings in fifteen were incomplete, and in seventeen 
were unreliable. Reasons are given for discarding the latter seventeen cases. After two years 
seven patients had died, leaving sixty-one available for analysis. 
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3. The results in sixty-one surviving patients with a follow-up of not less than two years are 
analysed. In twenty of these radioactivity was measured by bone sampling and in forty-one 
by direct readings with a needle counter. 

4. The twenty-one intertrochanteric fractures studied were used as controls. In these the 
P®2 ratio varied from 0-4 to 3-0. Union occurred in all patients and none developed avascular 
necrosis. 

5. Of the forty patients with displaced fractures of the femoral neck twenty-eight showed a 
low P® ratio. In twenty-three of these (82 per cent) the fracture united. 

6. Twelve patients with fractures of the femoral neck showed a borderline or abnormal P*™ 
ratio. In ten of these there was subsequent avascular necrosis or non-union. 

7. The possible reasons for the discrepancy between expected and actual results are discussed. 
8. Almost 40 per cent of the cases investigated had to be abandoned because of technical 
faults and in one-fifth of the remaining cases the expected results failed to agree with the 
clinical results. The method of investigation is therefore not of much practical value at the 
present time. Improvements in apparatus and technique might make the method more reliable 
and more useful. 


1 am indebted to Mr N. Veall for his constant help and advice in this investigation. My thanks are also due 
to my colleagues, Mr W. Herschell and Mr R. H. Maudsley, for their cooperation. I am grateful to the 
Editor of the Postgraduate Medical Journal for permission to publish Figure 3. 
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ANCHORAGE OF THE FEMORAL HEAD PROSTHESIS 
TO THE SHAFT OF THE FEMUR 


JOHN CHARNLEY, MANCHESTER, ENGLAND 


From the Centre for Hip Surgery, Wrightington Hospital, near Wigan, 
Manchester Royal Infirmary and Park Hospital, Davvhulme 


The factors which govern the loosening of the bond between a femoral head prosthesis 
and living bone are not by any means clearly understood; but it seems reasonable to suggest 
that a desirable feature of any design would be a large area of contact between the prosthesis 
and the bone, in order to distribute the load as widely as possible. 

When the weight of the body is transmitted from a prosthesis to bone at no more than 
three or four points of relatively small area, local pressures may be so high that crushing of 
the bone may occur, and a prosthesis which was tight at the end of the operation may soon 
become loose after carrying the weight of the body. Slight movement between the prosthesis 
and living bone, repeated at every weight-bearing step, is probably responsible for progressive 
loosening and total failure of the fixation. 


The attempt to extend the anchorage of femoral head prostheses by various forms of 


shaft fixation has been a fertile field for mechanical ingenuity, but ali ordinary mechanical 
fixations cannot be “ tailored” to fit the bone 
exactly; therefore the transmission of body weight 
to the bone will produce a number of ** high-spots ”” 
of extreme pressure. A disadvantage of complexity 
in shaft fixation of a prosthesis is that, the more 
perfect its mechanical design, the more difficult it 
is to insert at operation. In the method to be 
described the shape of the shaft element of the 
prosthesis is not particularly important provided 
it has adequate strength and the fixation into the 
upper end of the femur is obtained by embedding 
the prosthesis in a suitable cement. A “ cold- 
curing” acrylic cement has been found to be 
satisfactory for this purpose, the cement being 
made by mixing a powder and a fluid immediately 
before use. The fluid is self-sterilising and the 
powder can be sterilised by exposure to formalin 
vapour for some weeks. 
It is possible that an amine-cured ethoxyline 
Fic. | resin, as reported by Bloch (1958) for bonding 
Showing how insertion of the stem of the fractures, might be superior to acrylic cement for 
prosthesis expands the cement and drives it this purpose. The resin used by Bloch is alleged 
into intimate contact with the internal shape : : eee : 
of the bone. to have direct adhesion to bone and it is believed 
that bone will grow into it with the passage of 
time. In using acrylic cement in this application no attempt has been made to obtain 
direct adhesion between the surface of the cement and the bone. The plastic is used purely 
as a “ filling ’’ and functions as though it were part of the prosthesis; it is as though the 
stem of the prosthesis were cast in metal to the exact shape and size of the cavity of the 
upper end of the femur. The bonding of the prosthesis depends on dispersing the weight of 
the body over a large area of bone and providing the surface of contact with a rough and 
irregular texture. 
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TECHNIQUE 

After the hip joint has been exposed and the femoral head removed, the cavity of the 
femoral neck is curetted with a strong spoon reaching into the upper end of the medullary 
canal for about six inches. The curettage is pursued until all soft cancellous bone has been 
removed from the medullary canal, and especially from the medial, anterior and posterior 
walls. It is not necessary to curette deep into the interior of the greater trochanter. When 
there has been much disuse atrophy in elderly patients this procedure removes a large amount 
of spongy bone, which would have been mechanically unsound to hold a prosthesis, and leaves 


is a cavity of considerable size. A suitable prosthesis is tried in position to make sure that the 
St base of the head fits well on the cut surface of the femoral neck. 
‘is 
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Figure 2—Photograph by oblique illumination to reveal the large surface area of the plastic 
in contact with the bone. Figure 3—Radiograph showing prosthesis fixed by cement containing 

he a radio-opaque filler. 
in 

The cold-curing cement is mixed by adding the liquid to the powder and mixing until a 
ne stiff dough is obtained. After mixing for three or four minutes the spatula will pull * hairs ” 
1g of plastic from the surface of the dough. When this state has been reached the dough is lifted 
or in the gloved hand (it shows no tendency to stick to rubber) and is moulded into the shape of 
2d a sausage. The cavity in the upper end of the femur is sucked clear of blood and the plastic 
=d dough is pushed deep into it and rammed into position as quickly as possible. The prosthesis 
of is now inserted into the middle of the plastic mass and any excess will force itself out between 
in the cut surface of the neck of the femur and the base of the femoral neck. As the narrow end 
ly of the prosthesis is followed by the progressively increasing diameter of the stem the dough 
he is expanded and forced into every crevice in the interior of the femur (Fig. 1) until a perfect 
he cast of the rough interior of the femur is produced. The total surface area of the trabecular 
of markings on the surface of the plastic must be considerably greater than that of a similar 
nd smooth surface (Fig. 2). The process of setting takes about fifteen minutes from the time 


that mixing starts to the final hardening. 
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COMMENT 

Although cold-curing acrylic cement is a hard substance when set, in this application 
the strength of the material is not the most important feature. If the metallic stem of 
the prosthesis is adequate for the stresses involved, the “ grouting” in which the stem is 
embedded, as engineers call this use of cement, needs only to resist compression, and it 
would work well even if it were as brittle as plaster-of-Paris. 

The process of “ cold-curing”’ is an exothermic reaction, and in a large mass the 
temperature of the plastic can rise to boiling point; however, there is no danger to living 
tissues because the large mass of a metallic steel prosthesis absorbs much of the heat and 
prevents a dangerous rise of temperature. 

The material is not visible in radiographs after operation, but can be made so by the 
addition of about 25 per cent by volume of dry barium sulphate to the powdered resin before 
it is mixed (Fig. 3). 

It is now one year since the first six patients were operated upon by this method, and 
in the last nine months a further twenty-three patients have been similarly treated. No ill 
effects traceable to the plastic have been encountered, and the general quality of the results 
appears superior to that in cases in which the plastic anchorage had not been used. 


© 


1 am indebted to Dr D. C. Smith, M.Sc., Ph.D., F.R.I.C., of the Turner Dental School, University of Manchester, 
for advice on the choice of plastic cement in this application and for experiments in rendering it radio-opaque. 
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ARTHROPLASTY OF THE KNEE 
Interim Report of a New Method 


L. G. P. SHieRS, LONDON, ENGLAND 


Five years ago there was published in this Journal a preliminary report describing a new 
method of arthroplasty of the knee using a hinged prosthesis (Shiers 1954). Details of previous 
research and experiment were described, and clinical details were given of the first two patients 
)perated upon. 

This paper relates my experience in a personal series of twenty-eight such operations on 
seventeen patients. 

It is hoped to publish a third report after five more years, with a full description of each 
‘ase and a discussion of the conclusions that may then be drawn from an experience of 
ifteen years. 

SELECTION OF CASES 

The indications for operation were intractable pain and marked restriction of movement 
f one knee, with affection of the other knee. All patients were first given a trial of conservative 
reatment of not less than one year’s duration. 

Most of the patients were between fifty-five and seventy-five years of age. Fourteen had 
steoarthritis and three were suffering from the late effects of rheumatoid arthritis (Table 1). 


RESULTS OF OPERATION 

In assessing the results of operation (Table I) the criterion used was the ability to flex 
the knee through 90 degrees or more from the straight position without pain. Such a result 
was classed as * good.” Anything less than this was classed as * fair.” Twenty-eight hinge 
operations were done on seventeen patients: nineteen as primary procedures, eight as first 
revisionary operations and one as a second revisionary procedure. One of the first revisions 
was done the day after the primary operation, being necessitated by faulty placing of the 
femoral stem. Three patients came eventually to arthrodesis of the knee, and in one case a 
-condary revision by removal of a broken piece of stem was done. 

In eight knees a good result followed the primary hinge operation and remained good 
up to the time of review (average time of follow-up forty-six months). Mechanical failure of 
the first prosthesis occurred in seven knees at intervals of from four to forty months after 
/peration. In five of these a good result followed replacement with a new prosthesis and 
-mained good up to the time of review (average time of follow-up twenty-three months). 
n one knee (Case 6) a good result after primary operation was repeated after a first revision, 
nd again after removal of a broken piece of the tibial stem. In the remaining case of mechanical 
lilure a “ fair’ result was obtained after the primary hinge operation was repeated after 
rst and second revisions. 

CAUSES OF FAILURE 
lechanical failure—The original prosthesis (Fig. 1) proved to have a potential weakness at 
le points where the intramedullary stems were screwed into the hinge halves. Fracture of 
he prosthesis at one of these points occurred in seven knees after intervals of from four to 
rty months after operation (Figs. 2 and 3). A patient who had previously been walking well 
ould, after a fall or an injury to the hip of the same side, develop restriction of movement of 
ie knee and sometimes pain in the region of the joint. In one case the intramedullary stem 
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TABLE I 
RESULTS OF TWENTY-EIGHT HINGE ARTHROPLASTIES OF THE KNEE IN SEVENTEEN PATIENTS 
| 
Case Age . , , First Second 
number (years) Sex Diagnosis Operation Result sndiien Result sethien Result} 
Gross Hinge 
osteoarthritis eet, Complete mee 
1 64 F both knees, pte png growth of a 
left worse a new bone ee veee 
- May 1953 
than right 
pe re te ee Se rr =e 
Hinge New hinge 
arthroplasty May 1956 - 
Gross —-right side Good (broken Good 
osteoarthritis September1953 tibial stem) 
2 64 F both knees, 
right worse Hinge New hinge 
an lef 2 as , January 1957 , 
than left pe preg Good ' gon Ang Good 
February 1953 tibial stem) 
Gross , | 
osteoarthritis  .. 
3 74 M_ bothknees, ‘ wget Good 
left worse a ae 
than right March 1954 ; 
Osteoarthritis Hinge 
- both knees arthroplasty ~ 
52 : , gh tk 
4 52 FF left worse —left side Good 
than right November1954 
Old rheuma- _——_— 
toid arthritis | nro ae 
5 29. M withankylosis pane s-4 a Fair 
of hips, knees aceon SONS 
and elbows ““”° ~*~ 
oe Hinge New hinge Removal of 
P eee | a asty “ebrud §3\ ‘racture . 
6 54 F osteoarthritis, — Good — — Good fractared Good 
right worse Pa. t oars Bs en ~ en teed 
than left ctober 195 tibial stem) ecember 195 
Gross 
osteoarthritis _— 
right knee. ution ie New hinge New hinge i 
7 49 F  Arthrodesis “ aa an ade Fair October 1954 Fair February 1955 Fair 
right hip. Decetber 1953 (broken stem) (broken stem) 
Arthrodesis sii 
left knee 
Old rheuma- 
toid arthritis Hinge 
with later arthroplasty . 
8 5! osteoarthritis. | —left side Good 
Previous March 1955 
patellectomy 
Gross 
osteoarthritis Hinge 
C 5 - right knee. arthroplasty ~ 
4 2 *F Cup —right side Good 
arthroplasty March 1955 
left hip 
Gross . 
248 Hinge . 
osteoarthritis . ~ ce, Pain due to eee ) 
10 59 F __ both knees, oo malposition yee y Infected Arthrodesis 
left worse April 1955 of tibial stem P - 
than right P 
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TABLE I—continued 









Case Age oc . . — First Second . 
umber (years) Sex Diagnosis Operation Result ae Result cauiaien Result 
Hinge 
arthroplasty 
Rheumatoid —right side G4 
arthritis May 1955 March 1987 
11 53 F with late _ Snchen Good 
osteoarthritis Hinge tibial stem) 
both knees arthroplasty — —n 
—left side 
September 1955 
S Hinge 
Gross : i 
12 66 M osteoarthritis 'throplasty = Goog 
left k —left side 
eft knee May 1955 
Gross 
osteoarthritis Hinge New hinge 
right knee. arthroplasty . October 1958 -. 
3 5 8 : es 
l 65 F Cup —right side Good (erchen Good 
arthroplasty June 1955 tibial stem) 
left hip 
Gross ia earing 
osteoarthritis am naa u 
14 63 F  bothknees, “_ left side Good rosie were Good 
left worse pa st 1955 enatot 1986 
than right = — . 
‘ Hinge 
Gross F = 
5 65 F_ osteoarthritis arthroplasty Good 
aie fees right side 
oe September 1955 
. Hinge 
Gross : a 
16 68 ~—-M osteoarthritis “throplasty — Good 
left knee ee ee 
September 1955 
Bilateral Hinge Ache in 
17 55 OF osteoarthritis, arthroplasty femur Arthrodesis 
ies right worse right side due to October 1958 


than left 





October 1957 toolong pin 





broke inside the tibia one and a half inches (four centimetres) below its point of insertion into 
he hinge (Fig. 4). The lower part of the stem was removed (Mr W. A. Law 1958) and a good 
‘sult was obtained. In one case the small locking screw, possibly tightened too much at 
peration, parted and the main bearing began to unwind (Fig. 5). In this case replacement 
ith a new prosthesis was followed by a good result. 

epsis—Sepsis occurred in one patient (Case 10). In this case intense pain immediately followed 
‘imary operation because of faulty placing of the femoral stem (Fig. 6). The wound was 
opened the following day and the prosthesis reinserted, but infection occurred and led 
ially to arthrodesis (Mr J. Crawford Adams). 

ain in relation to stem of prosthesis—One patient (Case 17) developed pain in the thigh 
curately localised to the point of engagement of the femoral stem with the inner aspect of 
e anterior femoral cortex. The knee finally came to arthrodesis (Mr F. G. Ward). 
\carceration of hinge—In one patient (Case 1) a hinge arthroplasty of the left knee done for 
vere osteoarthritis was followed by the formation of new bone around the false joint. This 
‘w bone incarcerated the prosthesis and caused total failure. The knee was arthrodesed five 
onths after the original operation. 
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Softness of bone—The operation was once attempted in a case of rheumatoid arthritis wit! 
considerable osteoporosis. The prosthesis sank into the soft bone to such an extent that th 
attempt at arthroplasty was abandoned and an arthrodesis was done. 





Fic. 1 
Original prosthesis. The arrows indicate the point of weakness. 





Fic. 2 Fic. 3 
Typical appearances of fractured stems. 


THE MODIFICATION OF THE HINGE 

The prosthesis was modified as a result of the lessons from the cases of mechanical failure 

The danger of fracture of the stem at the point of insertion into the hinge was avoided by 

hand-carving the prosthesis from a solid block of steel so that the hinge half and stem wer 

in one piece. This involved having the prosthesis made to measure for each patient and s« 
increased its cost. 
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Fic. 4 Fic. 5 
Figure 4—Fracture of stem well down in marrow cavity. Figure 5—Note unwinding of main bearing. 





























The fact that a good result followed the removal of the lower 
irt of the tibial stem brought the realisation that a long stem was 
innecessary. In the modified prosthesis a considerably shorter 
ind more robust stem was used. This modification offered three 
dvantages. Firstly, the greater strength of the stem made fracture 
ir more unlikely; secondly, the shorter stem allowed a little 
iteral play in the medullary cavity and so the liability to strain 
nd metal fatigue was lessened; thirdly, the fact that the shorter 
stem was acceptable to any femur or tibia made it unnecessary 
) have a prosthesis specially made for each patient. 

The weakness inherent in the small locking screw was 

vercome by enlarging its diameter. With the hinge so modified 
Fig. 7) there have not up to the time of review been any further 
istances of mechanical failure. 

The modified hinge is made from molybdenum-bearing 
ainless steel (B.S.I. En. 58J—known in America as SMo). This 
aterial was chosen because experiment (Collins 1953) had shown 
to be inert. The operative findings reported below fully confirm 
llins’s observations. Stainless steel has the further advantage 
at it does not become adherent to bone, so that in case of 
ccidental fracture the prosthesis can readily be removed. The 

‘lure ct that it can be wrought gives the advantage of relative 
od by leapness—similar prostheses made from Vitallium would be 
: uch more expensive. 

The femoral stem is slightly set back on the hinge to allow 


wert 
nd s 





Fic. 6 
r the fact that in the extended knee the femoral medullary — Faultyinsertionof femoralstem. 
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cavity lies in a plane posterior to that of the tibia. To prevent nipping of the infrapatella: 
pads of fat between the jaws of the hinge the lower hinge half is made to stand proud from m 
the upper (Fig. 7). 


FINDINGS AT REVISIONARY OPERATIONS 
There were seven cases of mechanical failure of the first prosthesis. Each patient was (S 
offered an arthrodesis as an alternative to a second arthroplasty, but only one accepted fusion. 
In this case compression arthrodesis was performed (Mr H. Osmond-Clarke). Six first revisions 
were done, and two of these were followed by a second mechanical failure. Both patients chose 
a further trial of arthroplasty, so that altogether eight revisionary hinge operations were done. 
at intervals of from seven to forty months after the previous operation. 


ANTERIOR 








__Upper hai 
of hinge 


_ Lower halt 
of hinge 

















Fic. 7 


Hinge in its present form. Each hinge half and its stem are made from one piece of stainless steel. Right—Profile 
view of hinge. The femoral stem lies in & plane posterior to that of the tibial stem. The lower hinge half stands 
proud from the upper hinge half. 


Where the stem was broken iron staining was seen. The patellar tendon was regularly 
found much thickened. A thick new articular capsule was always seen. It was greyish and, 
though smooth and pliable, often of almost leathery toughness. There was plentiful synovial 
fluid of the usual colour, feel and consistency. This appeared successfully to lubricate the 
hinge, for in no case was there any difficulty in unscrewing the locking screw and main bearing. 
Removal of the stems after dismantling of the hinge was always easy, pressure between 
finger and thumb giving an adequate grip. The channels made by the stems, trefoil in section, 


were lined by a smooth, slippery greyish membrane. Provided the diameter and length of b 
the new stem were the same as those of the original—as will always be the case when the h 
new prosthesis is used throughout—replacement was easily achieved by gently pushing it down b 
the channel. Two revisions were done without a tourniquet. There was no bleeding within 7 

tI 


the new joint cavity. 
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The course after revisions was marked by absence of pain and by rapid restoration of 
movement. 
OPERATIVE TECHNIQUE AND POST-OPERATIVE MANAGEMENT 
There has been no modification of the technique described in the preliminary report 
(Shiers 1954). The operation is easier to perform when the short-stem prosthesis is used and can 


TABLE Il 


RESULTS OF ARTHROPLASTY OF THE KNEE BY VARIOUS WORKERS 
BETWEEN THE YEARS 1914 AND 1953 





Year of hates Number of | Number of 
publication cases good results 
1914 Payr 23 17 
1917 Lange 9 l 
1918 Baer 28 15 
1918 Henderson 117 18 
1919 Lexer 34 Ef 
1920 Putti 63 52 
1921 Hohlbaum 85 48 
1921 Ryerson 10 I 
1923 Groves 18 4 
1928 Albee 10 9 
1928 Campbell 87 43 
1937 Courvoisier 23 17 
1940 Steindler 51 13 
1944 Hass 9 7 
1948 Platou 16 10 
1949 Samson 47 26 
1949 Speed and Trout 65 29 
1950 Birkle de la Camp 67 36 
1950 Kuhns and Potter 12 
1950 Kuhns and Potter 25 22 
1952 Lange 20 6 
1952 Miller and Friedman 36 11 
1953 Roasenda 26 14 
1953 Lacheretz 15 6 
896 412 (46°) 











be completed in about forty minutes. Some modification of the post-operative management 
has been made. The plaster tube is retained for ten days, which the patient spends in bed, 
beginning straight leg raising on the day after operation. On the eleventh and twelfth days 
the patient walks fully weight-bearing in the plaster tube. This impacts the prosthesis. On 
the twelfth day the plaster is removed and the stitches are taken out. The patient then spends 
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a further week in bed, during which active movements of the knee are practised. At the 
end of this week the patient is anaesthetised and the knee is gently flexed to a right angle. 
At that stage the manipulation is accompanied by the crack of tearing adhesions; if manipulation 
is delayed longer it becomes progressively more difficult until at the end of a month it may be 
virtually impossible. The patient then begins to walk with two sticks, bearing full weight on 
the affected leg. He progresses rapidly to the use of one stick and, in favourable cases, is 
able to discard even that. With the passage of years the prosthesis sinks a little into each 
bone to reach a certain level and ceases to travel farther. The sinking is so slow that the collateral 
ligaments seem able to take up the slack. At revisionary operations they have been found as 
taut as at primary operation, though the gap between tibia and femur may have narrowed by 
more than a quarter of an inch (0-6 centimetre). 


DISCUSSION 


The results of arthroplasty of the knee published between 1914 and 1953 (Table II) 
show that on average successful results have been obtained in about half of the cases 


operated on. Walldius (1957) showed that these results could be improved by the use of 


an endoprosthesis. Using a hinge made of acrylic resin and stainless steel, he was 
able to produce “ excellent” results in twenty-four out of thirty-two knees subjected to 
operation. The results in the present series are not so good as that, only eight lastingly good 
results having followed nineteen primary operations. It seems, though, that if the modifications 
of the prosthesis succeed in eliminating mechanical failure, a further six successes could be 
added to this number. It is possible that with the modified prosthesis successful results could 
be obtained in three cases out of four—a significant improvement on the results obtained by 
older methods. 

The operation may have a place as part of a programme of salvage in cases of affection 
of many joints. In one such patient in this series (Case 5) the fair result obtained by arthroplasty 
of one knee allowed him to drive a motor chair and was a significant factor in rehabilitation. 


SUMMARY 
1. The results of twenty-eight * hinge ” arthroplasties of the knee are described. 
2. Failure was most often due to breaking of the prosthesis. 
3. The design of the prosthesis has been modified as a result of experience in cases of 
mechanical failure. 
4. The results suggest that with the use of the modified hinge good results may be obtainable 


in three out of four cases. 


I wish to express my thanks, firstly to Mr W. A. Law who sent me suitable cases and made a number ol 
constructive and helpful criticisms about the design of the hinge, to Sir Reginald Watson-Jones for his 
encouragement in the early stages of this work, to Mr H. Osmond-Clarke who constantly kept me abreast o! 
world trends in knee arthroplasties, to Mr J. Crawford Adams, Mr Raymond King, Dr Duncan Shiers, Mr W. I 

Tucker and Mr F. G. Ward who sent me cases, to Mr D. Higgs for his physiotherapy, to Mr C. Dyer and Mr R 
Ruddick who took the photographs and finally to the late Mr H. Guy Drew, Mr G. M. Down and Mr V.G 
Carter of Messrs Down Bros. and Mayer & Phelps Ltd., who went to endless trouble modifying the hinge t« 
overcome each weakness as soon as it appeared. 
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It is generally believed that vertebral bodies grow in length by means of plates of 
epiphysial cartilage on the cephalic and caudal surfaces (Bick 1952; Schmorl 1928; Coventry, 
Ghormley and Kernohan 1945). Bick considered that these should be called diaphysial 
plates, but I have preferred the more widely accepted nomenclature because the function of 
the cartilaginous end-plates during growth appears to be analogous to the function of true : 
epiphysial plates. 

It is clear that longitudinal growth is only one element in vertebral growth; not only 
must growth occur in the sagittal and coronal planes, but the neural arches must expand; 
this requires resorption as well as deposition of bone (Fig. 1). 

Although we do not know all the factors that determine the ultimate size and form of 
an adult bone it is recognised that there are two sets of factors—intrinsic and extrinsic. A foetal | 
bone in tissue culture will develop according to its inherent nature, but this intrinsic growth | 
potential may be modified by a variety of external influences that may act both prenaially and 
postnatally—for example, insulin hypoglycaemia (Duraiswami 1952), infection, mechanical 
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Foetal and adult vertebrae. 


forces, variations in blood supply (Trueta 1957) and hormones (Fig. 2). When we compare - 
the final form of, for example, a femur from a limb severely affected by poliomyelitis with the tt 
corresponding bone from the normal limb it is obvious that both conform to a common basic h 
plan and are recognisably the same bone; but there are considerable differences in length, “ 
thickness and consistency, and in such features as neck-shaft angle, development and shape of K 
trochanters. Whatever the complex of extrinsic factors may be—alterations in blood supply. d 

0 


autonomic innervation, intrinsic stresses—the ultimate form of the bone is due to a combination 
of these extrinsic factors and the intrinsic growth potential of the bone. An extrinsic factor 
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Figure 2—Acromegalic vertebrae. Note increase in depth of vertebrae and thoracic lordosis. Figure 3—Congenital 
vertebral fusion. There is no kyphosis because growth of all the elements is suppressed equally. 
| 
will have its greatest influence when it affects the growing epiphysial cartilaginous plate, 
whether this be by infection, trauma or unknown factors, as in tuberculosis of the hip (Parke, 
Colvin and Almond 1949). 
GENERAL PRINCIPLES 
Any deformity in childhood, whatever its cause, is a plastic deformity: that is, it may 
cither improve or become worse, depending on whether or not the deforming forces continue 
to act. In the case of a complex structure such as a vertebra, which is formed from three 
primary osseous elements enclosing a growing structure (the spinal cord), we know very little 
of the factors that integrate the growth of the various components. We know that in such 
conditions as spina bifida, in its various forms, there are usually composite anomalies of 
neural arches, spinal membranes and nervous tissue. In our present state of ignorance it 
would be idle to speculate about which is primary and which is secondary, but it is worth 
noting that in certain deformities, such as diastematomyelia and spinal stenosis (Sarpyener 
1945, Verbiest 1954), the osseous deformity appears to be primary. There are, of course, 
| many congenital anomalies of the vertebral column in which no abnormality of the spinal 
| cord is demonstrable. 
In the presence of conditions—either congenital or acquired—that cause defective growth 
of the vertebral bodies (such as congenital bifid vertebra, osteochondrodystrophy, adolescent 
e kyphosis, Pott’s disease) the neural arches and laminae usually develop normally; there is 
e thus a relative overgrowth of the posterior elements, with consequent kyphosis. On the other 
C hand, in conditions such as congenital vertebral fusion and the Klippel-Feil syndrome there is 
7 extensive failure of vertebral body growth but laminal growth is also less than normal and no 
f kyphosis results (Fig. 3). It appears that when the whole epiphysial cartilage is absent or 
‘ destroyed the whole of the vertebra is stunted and the spine is short but not kyphotic. When 
1 only the anterior half of the epiphysial cartilage is deficient the posterior half of the body 
r and the neural arch continue to grow and kyphosis results. 


VOL. 42 B, No. 1, FEBRUARY 1960 





ric. 5 












Fics. 4 AND 5 
Figure 4—Normal growth of vertebral bodies after | 








laminectomy in childhood. Figure 5—Transverse t 
section of vertebra and spinal cord in severe polio- l 

myelitis. Note the atrophy of the cord, despite which 

there is normal growth of the lamina. The cord lies 

against the concave side of the spinal canal. 
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Radiograph and post-mortem specimen compared (see fext). ig 
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If a laminectomy is performed in a child in whom the vertebral bodies are normal the spine 


ntinues to grow normally (Fig. 4). Acquired atrophy of the spinal cord from poliomyelitis 


paraplegia does not lead to any detectable failure of growth of the neural arches below 
e lesion (Fig. 5), just as atrophy of one cerebral hemisphere in childhood does not usually 


ad to gross diminution of the size of the skull on that side. 


In neurofibromatosis, with marked enlargement of individual nerve roots, the intervertebral 
ramina, the corresponding neural arches and the adjacent parts of the bodies are also much 
rger than usual. This may be the consequence of an associated intrinsic anomaly of the bones, 

direct pressure of the neurovascular bundle on the bones, or of an indirect vascular effect 
1e accompanying blood vessels are also dilated). 

It appears that each element in the spinal complex—body, neural arch, spinal cord and 
embranes—has its own intrinsic growth properties but that they also react on and modify 
ch other. The vertebral bodies, which have true cartilaginous growth plates, play a dominating 
le in this complex relationship: that is, an anomaly of an epiphysial plate of a vertebral body 
s a greater influence in producing deformity than a defect of the neural arches or spinal cord. 


RATE OF SPINAL GROWTH 
For the purposes of this paper all measurements have been made on radiographs taken 
th a standard technique. It is realised that this probably produces a 5 to 10 per cent 
agnification of distances but relatively little distortion of angles. On two occasions it has 
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Figure 7—Normal growth curve for thoracic spine. Figure 8—Normal growth curve for lumbar spine 
(upper four lumbar vertebrae only). 


een possible to correlate post-mortem and radiological measurements of distances and 


gles (Fig. 6). The correlation has been good. Although the figures quoted may not be 
curate in the absolute sense, they are accurate relative to each other and serve as a sound 
isis for comparison. They are, however, radiographic measurements and a statement such 
“the spine grew one inch” in this paper means that there was one inch of difference in 
igth between the two radiographs of the spine. Measurements of distance have been taken 
th a standard map measurer accurate to one-eighth of an inch. 
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At birth there is relatively little differentiation between one vertebra and another, a1 
the spine is a continuous C-curve. Gradually the cervical and lumbar concavities develop ar 
the vertebrae become differentiated, assuming their adult forms with clear-cut differenc 
between the cervical, thoracic, thoraco-lumbar and lumbar regions. 

The extent to which each vertebra grows also varies. In general the cephalic vertebr: 2 
grow less than the caudal ones. Figures 7 and 8 show the approximate lengths of the thorac ¢ 
and lumbar spines at different ages. Between the ages of three and fifteen years a thorac ¢ 
vertebra and disc grows about one twenty-fourth of an inch a year, and a lumbar vertebra ar 
disc grows about one twelfth of an inch a year (these are averages, not exact figures, fcr 
growth occurs irregularly). In the thoracic region the posterior elements grow faster thi 
the anterior, and vice versa in the cervical and lumbar regions. 


7 


KYPHOSIS 
Normally in the thoracic region there is a backward convexity of 20-40 degrees. If tle 
curve exceeds 40 degrees it is considered abnormal. Kyphosis from growth disorder is usual 
caused by 1) congenital anomalies, 2) tuberculosi.. 














ANGLE 
91] =—7 or 3) vertebral epiphysitis (Scheuermann’s disease, 
/ e . . 
ol i adolescent kyphosis). I am not considering 
80 Mf  * | kyphosis from such conditions as fragilitas ossium. 
x Pf ° ° . . : 
x / which is a disorder of bone texture rather than of 
70 As Lf | | bone growth. Nor am I considering kyphosis 
: arising in adult life, as from osteoporosis or 
im x ace ~* ° 
60 n it spondylitis. Figure 9 shows the relationship 
a ag | at i 1 . . or 
Fe between the degree of kyphosis and the difference 
50° et in length between the anterior and_ posterior 
— 4 xt Ics ~- . R . . 
File longitudinal ligaments—that is, the extent to 
v . . 7 ° 
, | A which the posterior parts of the bodies grow more 
a ee } 4 | | ‘ 
, | oat] than the anterior parts. 
xX . . - or 
J ’ | Congenital anomalies—There are many different 
x ° ° . 
30 — 7 ———— congenital anomalies that may cause kyphosis, 
| / | P ° . - 
/ | including bifid vertebra (Fig. 10), wedge vertebra 
20 - po | (Fig. 11), achondroplasia (Figs. 12 and 13), osteo- 
/ | chondrodystrophy (Fig. 14) and arthrogryposis 
10 | _ : | | (Fig. 15). There may be an associated lateral 
/ | Py . . 
/ | | tilt but there is seldom the severe rotation 
‘ characteristic of a true scoliosis. The prognosis 
oO a 1 14 2 2s 3. both as regards the degree of deformity and the 
DIFFERENCE IN LENGTH (INCHES) BETWEEN ‘ . wee ; : ‘ 
POSTERIOR AND ANTERIOR LONGITUDINAL LIGAMENTS onset of paraplegia is very variable, depending on 
Fic. 9 the number of epiphysial plates affected. In the 


Adult kyphosis. Relationship between angle of patient shown in Figure 10 the ultimate deformity 
curve and difference between anterior and : x : ; zs 
posterior vertebral measurements. was very slight. The deformity shown in Figure 
11 remained virtually unchanged throughout 
growth. That shown in Figures 15 and 16 to 19 was slight at birth but became severe 
with growth. The radiograph alone in infancy does not indicate the extent of epiphysial 
dysplasia. In some patients (as in the one shown in Figures 16 to 19) the increase of deformity 
is SO severe as to suggest that there is undifferentiated tissue anteriorly acting as a tethe’, 
much as a vestigial cartilaginous fibula may produce a valgus deformity of the foot (Thompson. 
Straub and Arnold 1957). In the past, attempts have been made to improve these deformitics 
by prolonged recumbency on a hyperextension frame or plaster bed, or by using a distraction 
jacket. After obtaining as much correction as possible, posterior spinal grafting was then done. 
In our experience the results have been variable and often disappointing. If the difference cf 
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i Fic. 10 Fic. 11 
Figure 10—Bifid vertebra. Figure 11—Wedge vertebra. 








Sis Fic. 12 Fic. 13 Fic. 14 
Figure 12—Early kyphosis in achondroplasia. Figure 13—Kyphosis with paraplegia in achondroplasia. 
Figure 14—Osteochondrodystrophy. 
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cf Fic. 15 
Progressive kyphosis in arthrogryposis. 
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Fic. 16 Fic. 17 
Congenital kyphosis. Figure 16—Before fusion. Figure 17—Six years after fusion. Severe 
deterioration in spite of posterior spinal fusion suggests tethering by undifferentiated tissue 
anteriorly. 





Fic. 18 Fic. 19 
Congenital kyphosis. Figure 18—Before fusion. Figure 19—Three years after fusion. There was 
progressive deformity despite strong posterior fusion, indicating differential epiphysial growth. 
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Fic. 20 Fic. 21 
Extensive fusion for severe progressive kyphosis. Figure 20—Before fusion. Figure 21—Three years after 
spinal fusion. Further deterioration has not occurred. 


rowth potential is slight then the ultimate deformity will be slight without treatment. If the 
difference in growth potential is too great the plastic bone of even the strongest graft will 

end. Moreover if several vertebrae are affected the development of compensatory lordotic 
curves above and below the lesion is prevented. 





Nevertheless, the most successful treatment up 7 bas 
o date has been to try to develop compensatory 
irves, and then to perform an extensive spinal 
fusion, hoping that this will check the growth 
of the posterior elements (Figs. 20 and 21). 
\/nfortunately, we have no effective treatment 
4 severe progressive congenital kyphosis. 
luberculosis of the spine—The ultimate degree 
deformity in tuberculosis of the spine depends 
n the age of onset and the extent of the damage 
epiphysial cartilages. Different opinions have 
‘en expressed about the value of posterior 
afting in preventing deformity. These 
fferences are probably due to failure to 
»preciate fully the variability of the prognosis. 
en before streptomycin was available some 
berculous spines healed with little destruction 
d deformity, even without grafting (Fig. 22). 
Fic. 22 
erculosis of spine treated without streptomycin. 


iling has occurred with little deformity with con- 
servative treatment alone. Fic. 22 
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Fic. 23 Fic. 24 Fic. 25 
Tuberculosis of spine. Figure 23—Before treatment. Figure 24—Apparent quiescence; fusion performed 
Figure 25—Eight years later. Gross deformity in spite of sound fusion. 





In other patients gross deformity results in spite of fusion (Figs. 23 to 25). Iam not concerned 
here with the possible value of posterior fusion in stabilising a weak spine, preventing recurrence 
of infection or accelerating healing. My point is that deformity is determined mainly by 

the extent of epiphysial damage. If only one 





or two epiphyses are affected the ultimate 
deformity will be slight, with or without graft- 
ing. If several epiphyses are damaged, and 
especially if scar tissue anteriorly also acts as 
a tether, severe deformity will occur in spite 
of successful posterior fusion. Naturally in 
districts where the disease usually runs a mild 
course, deformity will be less than in those 
parts of the world where it commonly assumes 
a more destructive form. This may well 
account for the fact that in some countries 
surgeons have great faith in the efficacy of 
posterior fusion in preventing deformity. 
whereas in this country our experience is 
relatively disappointing (Dobson 1951). 
Hallock, Francis and Jones (1957) re- 
ported on fifteen children with tuberculosis of 
the spine in whom extensive posterior spinal 
fusions had been performed. The growth of 
normal vertebrae included in the area of 
fusion was reduced on an average by 23 per 
cent anteriorly and by 36 per cent posteriorly. 
Cleveland, Bosworth, Fielding and Smyrnis 





Fic. 26 
Severe vertebral epiphysitis. 


(1958) investigated the effect of posterior iI 
fusion in eighteen children with tuberculosis of the spine. They found that grafts bend t| 


and grow as fatigue fractures develop, and then heal. it 
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These papers confirm what many surgeons have long believed: that successful posterior 
yinal grafting has a slight but definite retarding effect on growth. 
ertebral epiphysitis (Scheuermann’s disease, adolescent kyphosis)—In its minor forms this is 
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fairly common condition which usually requires little treatment. Nevertheless, severe forms 


» occur (Fig. 26). It is generally 
slieved that the deformity is caused by 
iilure of growth of the anterior parts 
fa number of vertebral body epiphysial 
lates, usually in the lower thoracic 
gion, occasionally in the mid-thoracic 
1 lumbar region of the spine. The 
ossible primary factors will not be 
iscussed here, but it is clear that, in 
he thoracic region the “‘line of gravity” 
, plumb line passing through the centre 
vf gravity) anterior to the 
ertebral bodies; therefore there will be 


passes 


nore pressure on the anterior parts of 


he epiphysial plates. The greater the 
kyphosis the greater the 
differential; so once a deformity exists 
i vicious circle is created. If the patient 
has strong erector spinae muscles, uses 
them and can straighten his spine, he 
an shift the point of greatest pressure, 
hat is, the fulerum backwards (Figs. 
7 to 30). 


pressure 


u 








Fic. 28 
Diagrams to show point of maximal pressure in kyphosis. 
W — Body weight; T=Tension of posterior spinal muscles. 
The fulcrum shifts posteriorly on hyperextension (Fig. 28). 
Tension in the spinal muscles is three times’ as great in 
extension as in flexion. 


If he has weak muscles or slouches, or if the deformity is fixed, the point 


‘f greatest pressure remains anterior and progressive inhibition of epiphysial growth occurs. 





Fic. 29 


The fulcrum is situated posteriorly in hyperextension (Fig. 29). 


Fic. 30 


The fulcrum shifts 


anteriorly on flexion, with consequent increased pressure on the anterior part of the 
vertebral epiphysis (Fig. 30). 


Whatever the primary cause of the kyphosis these mechanical factors will operate as 
important secondary factors. Conversely, if the deformity can be corrected, the pressure on 
the anterior parts of the epiphysial plates will be reduced, and, provided they have not been 
irreversibly damaged, they will resume growth. The prognosis in vertebral epiphysitis depends 
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on the age of onset, the extent of epiphysial damage and the amount of fixed deformity 
At an early stage recumbency in hyperextension will allow the epiphyses to resume growtl 
For this reason, recognition of potentially severe cases in the younger patients is important 
If the epiphyses have been irretrievably damaged and the patient still has some years of growt 
it is wise to try to limit deformity by creating compensatory curves above and below the lesion 
thereafter undertaking posterior fusion well up into the adjacent normal areas to encourag 
further compensatory lordosis. 

Experiments on fresh specimens have shown that excision of the posterior articulation 
and impinging laminae and spinous processes allows a normal spine to be hyperextended 
In performing a spinal fusion for vertebral epiphysitis these ** interlaminar joints ’’ shoul: 
always be excised. Many attempts have been made to devise a satisfactory ambulant splin 














Fic. 31 Fic. 32 Fic. 33 
Figure 31—Principle of hyperextension jacket. The line of gravity is shifted posteriorly only if the hip i 
hyperextended and the thoracic curve can be corrected. Figure 32—Hyperextension jacket. Figure 33 
Kyphosis brace. 


for patients with kyphosis which will relieve pressure on the anterior segments of the epiphysia 
plates. Cephalo-pelvic splints and plasters only partly achieve this purpose because the skin 
of the trunk and chin will not tolerate the continual pressure of full body weight. Hyperextensio1 
jackets aim at shifting the ** line of gravity ” posteriorly, if possible posterior to the anterior 
longitudinal ligament. They are effective only if the spine can be straightened and the hip 
hyperextended (Figs. 31 and 32). Such jackets are cumbersome, and usually one employs : 
compromise jacket of the Telford type which holds the lumbar spine straight (not hyperextended 
and pulls the shoulders back (Fig. 33). It is clear that the backward pull on the shoulders 
cannot take all pressure off the epiphysial plates if there is much fixed deformity, and the 
splint is only a useful holding device when the deformity is either slight or has been corrected 
and growth is nearly complete. For severe cases it is not as effective as recumbency ir 
hyperextension. 
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VERTEBRAL GROWTH AND ITS MECHANICAL CONTROL 


SCOLIOSIS 


Whatever the primary cause of the deformity—congenital, infantile, paralytic or 
* idiopathic *—certain structural changes occur which are common to all types of scoliosis. 
The vertebrae at the apex of the curve are rotated, laterally flexed and hyperextended in relation 
to each other. In addition, the vertebrae themselves become deformed: the body, pedicles and 
Jaminae are larger in all dimensions on the convex side and are smaller on the concave side. 
It is as if growth had ceased in the region of the neurocentral junction on the concave side and 
had continued unchecked on the convex side, being greatest at the antero-lateral aspect of 
the vertebral body (Fig. 34). One of the earliest signs that progressive deterioration will occur 
is that the concave aspect of the spine ceases to grow: this can be discovered by measurement 
long before the curve becomes severe. 

It is often said that lumbar and combined curves have a better prognosis than thoracic 
curves (Ponseti and Friedman 1950, James 1954). This is certainly true so far as appearance 
and clinical features are concerned but is only partly true of the actual anatomical deformity. 
Nearly all scoliotic curves tend to become worse as long as growth continues, but in some 
lumbar, thoraco-lumbar and double curves—the body’s powers of compensation are greater. 






w? 





Fic. 34 
Vertebra from apex of a scoliotic curve. 


\t the extremities of a scoliotic curve, and especially at the upper extremity, there are similar 

deformities, both of the vertebrae and in their relation to each other, as at the apex of the 
urve but in the opposite direction—that is, the larger side is on the concave aspect of the 
rimary curve (convexity of compensatory curve). 

The reasons for growth imbalance in scoliosis have been considered elsewhere (Roaf 1958). 
is sufficient to repeat that imbalance is present to a greater or lesser extent in all forms of 
oliosis and that both gravity and muscle action contribute to it. The importance of muscle 

ction as a deforming force is increased because the back muscles are mainly concerned with 
jaintaining posture and act as prime movers comparatively seldom; the deforming action of 
iuscles acting statically to hold a position or control movement is more continuous and 
nger acting than when a muscle contracts for a short time to initiate a movement. In scoliosis 
iere is increased pressure on the concave aspect of the epiphysial plates and diminished 
ressure on the convex aspects—that is, growth is inhibited on the concave side and 
nrestrained on the convex side. In the presence of rotation the pressure on the concave 
spect will be increased both by the action of the erector spinae muscle and also by posterior 
inal fusion because the laminae are nearer to the mid-line than are the vertebral bodies 
id both act as a bow string. At the apex of the curve the vertebrae are lordotic—that is, 
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Fic. 35 Fic. 36 
Figure 35—Severe scoliosis. Note that the epiphysial plates and intervertebral discs are vertical at the uppc 
end of the curve. Figure 36—Severe lumbar scoliosis. Note the vertical epiphysial plates and discs. 


hyperextended in relation to each other (Somerville 1952). The term kyphoscoliosis should 
be reserved for primary kyphosis with a small secondary scoliosis (James 1955). 

In addition, in certain parts of the curve the epiphysial plates are nearly vertical (Figs. 35 
and 36) instead of horizontal. This again leads to important secondary deforming forces 
because the tendency to lateral slipping can be resisted only by the short deep oblique fibres 
of the erector spinae muscle on the superior aspect of the vertical disc, and their action tends 
to increase the rotation. 

Control of progressive scoliosis has been attempted in four principal ways. 

The development of compensatory curves (Steindler 1955)—This is most useful in fairly early. 
mild thoraco-lumbar curves when good compensatory curves can be developed above and 
below the lesion. Once these have become established, any increase in the primary curve is 
balanced by a corresponding increase in the secondary curves on which the forces of gravity 
and muscle action now act in such a way as to tend to increase them—an opposite direction 
from their action on the primary curve. It is usual to produce the compensatory curves by a 
plaster jacket and to hold them with a brace, often of the Milwaukee type (Blount and Clarke 
1949). The effectiveness of the compensation treatment of scoliosis depends on the ability to 
develop good compensatory curves. 

Prolonged recumbency—By eliminating gravity and, to a certain extent, muscle action. 
recumbency removes some of the deforming forces acting on the epiphyses. The treatment 
has obvious disadvantages and is effective only if instituted before irreversible epiphysi:! 
damage has occurred. 

Posterior fusion—As already explained, posterior fusion will not control a progressive 
deformity when there is marked imbalance of growth potential. Posterior fusion may he p 
to create and stabilise compensatory curves. In the presence of rotation in a growing spine. 
however, it may act as a tether and aggravate the primary curve, delaying posterior grow h 
more than anterior growth (Hallock, Francis and Jones 1957) (Figs. 37 and 38). 

Epiphysial arrest—Attempts have been made to stop the excessive growth of the spine on its 
convex side. Fusion of the laminae on the convex side alone has been found ineffective becau ie 
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Fic. 37 Fic. 3 
Deterioration after posterior fusion. Figure 37—Before fusion. Figure 38—Three years after fusion. 
There is increased lordosis and rotation. 


even the laminae on the convex side are nearer to the mid-line than the segments of the epiphysial 
plates whose further growth it was hoped to inhibit. 

Wiring together the transverse processes on the convex side has been tried (Roaf 1956) 
but has usually failed because the wires either break or cut through the bone. 

Stapling of the vertebral bodies (Nachlas and Borden 1951) has also generally proved 
disappointing, for three reasons: firstly, the rate of growth at each epiphysial plate is relatively 
slow (Fig. 7), and consequently pressure on the plate builds up too slowly to inhibit growth; 
secondly, the staples, being inserted into cancellous bone, are not fully effective; and thirdly, 
the staples span a joint (the intervertebral disc) as well as two epiphysial plates. Movements 
of the spine and variations in the turgor of the nucleus pulposus both tend to diminish the 
efficacy of the staples and any attempt at conservative correction of the deformity will make 
them still less effective. Thus conditions in the spine are quite different from conditions at the 
lower femoral epiphysis, where the staples are inserted into cortical bone and span only one 
epiphysis which grows rapidly so that pressure increases quickly and the dividing cells of the 
‘piphysial plate are inhibited. 

Epiphysiodesis—The obvious treatment of unequal vertebral growth is surgical eradication of 
hose parts of the epiphysial plates that are growing too fast—that is, on the convex aspect 
‘the curves. In order to assess the possible value of such a procedure a study has been made 
f the relationship between the degree of curvature and the difference in length between the 
onvex and concave aspect of the spine (Figs. 39 and 40). This operation was first performed 
‘re in 1955, but since then it has been modified, improved and extended, and the earlier 
sults are not really comparable. It has been performed on fifty-six occasions without 
ortality or serious complication,* though one or two of the earlier patients had blood-stained 
eural effusions which required aspiration. On one occasion the operation was abandoned 
since this was written there has been one death from pulmonary embolism on the fourteenth day after 


eration and one patient has had a severe post-operative wound infection which subsided after drainage. 
urther thirty-eight operations have been performed. 
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CONCAVE AND CONVEX SIDES 





Fic. 41 


Diagrammatic representation 
of spinal epiphysiodesis or 


joints and discs. 


Fic. 3 
Figure 39—Angle of curve related to difference in length between concave and convex sides (thoracic spin 
Figure 40—Angle of curve related to difference in length between concave and convex sides (lumbar spin 


multiple wedge excision of 














Fic. 40 


because there were large veins associated with neurofibromatosis and it was considered that 
to proceed further might prove dangerous. 
incomplete (that is, less than the desired number of epiphysial plates were removed) because 
the patient’s condition gave rise to some anxiety. It should be stressed that the results obtained 
are due largely to meticulous team work by all concerned. The patients were admitted \ 


On three occasions the operation has bec! 


hospital two or three weeks before operation for careful 
assessment, including estimation of haemoglobin and _ vital 
capacity. They were instructed in breathing exercises and became 
accustomed both to lying in a plaster bed and to the ward before 
the operation was undertaken. We have not considered it 
advisable to operate if either the patient is unduly nervous or has 
any significant degree of naso-pharyngeal infection or bronchial 
catarrh. 
TECHNIQUE OF SPINAL EPIPHYSIODESIS 

The operation is performed with the patient lying prone on 
a Wilson frame. At first we used a C-shaped incision, as for an 
antero-lateral decompression, but more recently we have been 
using an H-shaped incision, the central part of which is a 


longitudinal cut six inches long lying along the outer border of 


the erector spinae muscles, with a four-inch transverse incision 
at each end. The muscles are divided in the line of the skin 
incision, and the skin and muscles are reflected in two flaps. 
medially and laterally, the plane of dissection being just superfici: | 
to the chest wall and transverse processes; thus the trapeziu:. 
latissimus dorsi, rhomboids and erector spinae muscles are 
dissected from the bones in a continuous sheet. Perforatinz 
branches of the intercostal arteries on the sides of the transvers? 
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Fic. 42 Fic. 43 

that | Spinal epiphysiodesis. Figure 42—Before operation. Figure 43—-One year after epiphysiodesis 
becn and multiple wedge excision. 
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tin2 Severe progressive scoliosis. Figure 44—Before operation. Figure 45—Two years after epiphysiodesis 
and paracorporeal fusion. 
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Fic. 46 Fic. 47 
Figure 46—Rapidly progressive scoliosis. Figure 47—Correction fifteen months after epiphysiodesis. 





Fic. 48 Fic. 49 
Figure 48—Severe progressive scoliosis. Figure 49—Ten months after epiphysiodesis. 
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processes may be troublesome at this stage. Four ribs are resected for about three inches 
laterally from the costo-transverse joint; the intercostal muscles and soft tissues are then pushed 
forward off the ribs until the head of the rib is exposed. The transverse processes and heads of 
ribs are removed under direct vision; the intercostal nerves now come into view and are dissected 
out to identify the intervertebral foramina. The posterior articulations are excised and the 
laminae gently rawed and freed of all soft tissue; the bulging intervertebral discs can now be 
clearly seen, the articulations of the heads of the ribs indicating their position. A segment of the 
annulus is excised with a fine scalpel, the disc is thoroughly curetted, and the adjacent epiphysial 
cartilages are removed with fine nibbling forceps and a sharp spoon: the aim is to remove 
about half of each epiphysial cartilage. Four discs and eight epiphysial cartilages are treated 
in this way and four posterior articulations are excised (Figs. 41 to 43). 





Fic. 50 Fic. 51 
Figure 50—Severe progressive scoliosis. Figure 51—Correction after epiphysiodesis. 


In the earlier cases cancellous bone was packed in the disc spaces in an attempt to produce 
intercorporeal fusion; but this seldom occurred and recently we have been packing small bone 
chips along the sides of the vertebral bodies and along the laminae on the convex side; these 
have usually fused quickly into a continuous sheet of bone (Figs. 44 and 45). 

If the pleura has been opened the hole is sutured and an intrapleural drain, attached 
to an under-water seal, is maintained usually for twenty-four or forty-eight hours. After 
closure of the wound the patient is placed on a plaster bed to which he has become accustomed 
before the operation. 

Post-operative treatment—The main problem in immediate post-operative care is respiration. 
The patient performs coughing and breathing exercises and if he has any difficulty in these we 
have found inhalations of ** Alevair” very useful. During the operation about two pints of 


blood are usually given; the haemoglobin is estimated four to five days after operation and, 
if necessary, further blood is given. About three weeks after operation, when the wound is 
healed, the patient is placed in a wedging jacket and the greatest possible correction is obtained. 
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The position is maintained in plaster for three to four months. Further treatment depen s 
on the age of the patient and the site of the curve. Young patients in whom there is eviden 
of bony fusion are left free, but in older children in whom it has not been possible to obta 
full correction a supporting jacket is worn to encourage compensatory curves. In this grou 
it may be necessary later to perform a posterior fusion incorporating the compensatory curve . 
It is possible to calculate how much correction one can expect to obtain by epiphysiodes 
over and above any correction of the mobile part of the curve which could be obtained | 
conservative means alone. At each disc space a correction of about three-sixteenths of an inc 
will be gained immediately. A further correction of one-twenty-fourth of an inch a year m: 
be expected at each disc. If a girl has a curve of 80 degrees at the age of eleven it is likely | 
increase to 120 degrees at the age of fifteen—four years of differential growth at twelve epiphysi 
plates (six vertebrae). On the other hand, a successful epiphysiodesis of four vertebrae wi 
at once reduce the curve to 50 degrees and in the next four years a further 27 degrees « 
correction will occur, provided the epiphysial plates on the concave side are still growin 
This will leave her with a final curve of 27 degrees instead of the estimated 120 degrees 
nothing had been done. Thus the procedure has great possibilities if it is used sufficient 
early, while the epiphysial plates on the concave side still retain their growth potential. 


~ 


4 


RESULTS OF SPINAL EPIPHYSIODESIS 

It was hoped that arrest of growth on the convex side would cause the spine to groy 
straight. This has sometimes been the case, but in many cases of scoliosis the epiphysia 
plates on the concave side have already stopped growing and in such patients all tha 
the operation can achieve is to stop further increase of the curve. When the operatio: 
has been technically adequate we have always succeeded in stopping deterioration. In a few 
cases, when the operation has been done early enough, we have succeeded in obtaining 
correction by growth. In addition, it has been possible to obtain some correction of the deformity 
in the early post-operative period by virtue of the increased mobility of the spine. On ai 
average, it has been possible to obtain 10-15 degrees of increased correction at each disc 
space—that is, 10-15 degrees more correction than could be obtained by conservative measures 
alone. In the younger children the correction obtained is more than this: in some we may 
gain an improvement of 60 or 70 degrees, but in older children it is less—usually about 30 
degrees. It should be emphasised that this is true correction of the fixed part of the curve 
and does not include the correction of the mobile peripheral parts of the curve. Some of the 
results obtained are illustrated in Figures 42 to 51. 


SUMMARY 
Some of the fictors responsible for vertebral growth have been discussed. 
In kypnusis and scoliosis it is important to prevent progressive epiphysial damage. 
. In selected cases of progressive scoliosis, epiphysiodesis on the convex side will correct 
unequal growth. 
4. The technique of spinal epiphysiodesis is described and the results that may be expected 
are discussed. 
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ARTHRODESIS OF THE WRIST IN RECONSTRUCTIVE SURGERY 
I. G. MACKENZIE, LONDON, ENGLAND 
From the Royal National Orthopaedic Hospital and Institute of Orthopaedics, London and Stanmore 


Arthrodesis of the wrist is often indicated after injuries of the brachial plexus or of more 
than one peripheral nerve, in anterior poliomyelitis, and in certain cases of Volkmann’s 
ischaemic contracture. A frequent indication for the operation is the liberation of the tendons 
of forearm muscles for subsequent transplantation to the fingers. 

Most techniques make use of a dorsal skin incision with division of the extensor 
retinaculum and displacement of the extensor tendons. This encourages the formation of 
adhesions which may mar the result of any subsequent tendon transplantation. In many 
cases it is impossible to predict whether arthrodesis of the wrist will eventually be required 
in addition to tendon transplantation: in such cases, the tendon transplantation should be 
done as a first step, and the tendons should not be disturbed by any subsequent operation on 
the wrist. 

Smith-Petersen (1940) described a medial approach with excision of the lower end of the 
ulna which was used as a graft to bridge the resected wrist joint. This operation leaves the 
dorsal structures undisturbed, but produces a thickened unsightly wrist. Seddon (1952) 

modified the operation to overcome this, 
a ee ea el and his technique, used regularly since 
= 1946, has given satisfactory results. 


TECHNIQUE OF OPERATION 
A pneumatic tourniquet is used, but 
is released before the wound is closed. 
islet A four-inch incision is made on the 
Fic. 1 medial side of the wrist over the lower 


The incision and the identification of the dorsal branch of end of the ulna and over the carpus. 
the ulnar nerve. 





The dorsal branch of the ulnar nerve is 
identified and protected (Fig. 1). The 
lower end of the ulna is exposed 
subperiosteally, and two cuts are made 
with a motor saw outlining a triangular 
graft with its base posteriorly, which in 
the average adult wrist is about two and 
a half inches long (Fig. 2). The graft is 
removed together with the head of the 
ulna. 
— The carpus and lower end of the 
The triangular graft outlined by saw cuts. radius are cleared anteriorly and 
posteriorly. A diamond-shaped area, 
centred on the radio-carpal joint, is outlined with drill holes which traverse the radius and 
carpus, and the graft bed thus outlined is removed with an osteotome (Fig. 3); longitudinal 
cuts with an osteotome are made at the two ends of the diamond, proximally into the 
radius and distally into the bases of the metacarpals. No further excision of joint surfaces 
is required. The triangular graft, its base facing dorsally, is impacted into the prepared 
bed with a punch (Fig. 4), care being taken that the graft lies centrally in the radius. 
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This technique automatically gives about 25 degrees of dorsiflexion, and ulnar deviation 
adjusted so that, with the thumb opposed, the first metacarpal lies in the same plane as the 
idius in both antero-posterior and lateral planes. The pneumatic cuff is removed, haemostasis 


ecured, and the wound closed in 
ivers. 

At the conclusion of the opera- 
ion a plaster is applied from the 
metacarpal heads to the uppermost 
third of the arm, and is split im- 
mediately. The plaster is changed 
after two weeks for a below-elbow 
plaster. The patient may usually 
be discharged from hospital within 
three weeks of operation. Union 
is usually sound after about sixteen 





Fic. 3 
The bed prepared for the graft. 


weeks. 

Brooks (1949) pointed out that 
in lesions of the brachial plexus 
involving the fifth, sixth and seventh 
cervical nerves, and in certain cases 
of anterior poliomyelitis, the pro- 
nator quadratus muscle is the only S 
active pronator. The function of Fic. 4 
the muscle is destroyed by this The graft in place. 
operation. In these cases, therefore, 
and in those in which there is no active control of pronation and supination, the forearm 
is fixed in 45 degrees of pronation by a single screw transfixing the ulna and the radius. 
This was done in five cases in this series. Figure 5 shows the operation in diagrammatic 

form. When rotation is controlled in 

this way a full-length arm _ plaster 

should be used throughout the period 
mac | of immobilisation. 








REVIEW OF RESULTS 
The patients in this series were 
treated at the Wingfield-Morris Ortho- 
paedic Hospital and the Royal National 
Orthopaedic Hospital under the care of 
Mr H. J. Seddon. 
Fis. 5 : Thirty-four cases were available 
Diagram of the operation including screw fixation of ulna Ms : 2 
to radius. for review. The shortest follow-up was 
one year. The causes of the paralysis 
were: brachial plexus injury 17; anterior poliomyelitis 9; injuries of more than one 
peripheral nerve 8. 
Indications for operation—In all but two cases the operation was performed to improve the 
motor function of the limb. In one case pain in the wrist was an additional indication. The 
remaining case was that of a man with complete brachial plexus paralysis: he refused ampu- 
tation, and arthrodesis of the wrist was done for cosmetic reasons to correct ulnar deviation. 
When there was any doubt as to the advisability of arthrodesis the wrist was immobilised 
for a time in a light plaster, and the decision for or against operation was left to the patient: 
he usually made up his mind within a week. 
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Fic. 6 
Arthrodesis of wrist after accidental division of 
all nerves just below the axilla. The elbow is flexed 
by a pectoral transplant. 


Results and complications— We have bee! 
pleased with the results of this operation 
Fusion has been obtained in good position 
the scar is not conspicuous (Fig. 6), and i 
invisible with the arm by the side. Th 
complications were few but important. 
1. Post-operative swelling was severe enoug| 
in three cases to necessitate removal of th 
plaster: in two of these the wound wa 
reopened and a haematoma evacuated. Thes 
complications occurred early in the series befor: 
we realised the importance of removing th 
pneumatic cuff and arresting all bleeding befor 
closure of the wound. 
2. One patient developed compression of th 
median nerve in the carpal tunnel, necessitating 
division of the flexor retinaculum. 
3. In one of the cases in which the ulna wa: 
screwed to the radius there was a subsequen 
fracture through the radial screw hole: thi 
healed uneventfully. 

There were no complications involving th 
tendons. 
Radiological features—The addition of bon 
chips, either from the head of the ulna o 


from the iliac crest (Brooks 1949), did not seem to hasten union. 
In most cases the graft did not reach the metacarpal bases. This did not affect consolidatio; 








Fic. 7 
Radiographs of a wrist eight years after operation. 


THE JOURNAI 





OF BONE AND JOINT SURGER 














ug 

th 
wa 
1es 
for: 

th 
for 


the 
ling 


was 
ien 
thi 


th 


on 


tio! 


GER 








ARTHRODESIS OF THE WRIST IN 








Fic. 8 


Increasing ulnar deviation in a boy of fourteen. The graft had been placed eccentrically in the radius 


of the wrist (Fig. 7), and the small amount of carpo-metacarpal movement retained is an 


advantage to the patient. 


Unless the graft is punched well across at the end of the operation, it lies medially rather 
than centrally in the radius. This is of no importance in the adult, but in adolescents operated 


upon before the distal radial epiphysis has closed it 
may lead to increasing ulnar deviation (Fig. 8). 

Bony union between radius and ulna is rapidly 
produced by the insertion of a single screw, as shown 
in Figure 9. This figure also shows a pseudarthrosis 
at the proximal end of the graft—the only pseudarthrosis 
in the series. It was of no functional importance 
because there was firm fibrous union and the limb was 
anaesthetic. 


SUMMARY 


|. A medial approach is preferred for arthrodesis of 


the wrist in reconstructive surgery because there is no 
interference with the extensor tendons. 

2. The value of pre-operative assessment by a trial 
period in plaster is mentioned. 

3. The technique of operation is described. 

4. Inthe absence of active pronation, screwing the ulna 
to the radius in 45 degrees of pronation is advised. 


Fic. 9 
Bony union between radius and ulna: pseudarthrosis at the 
proximal end of the graft. 
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5. The necessity for securing haemostasis before closing the wound is emphasised. 

6. Thirty-four cases are reviewed. The shortest follow-up was one year and the longest twel\ 
years. The result was satisfactory in all cases. Most patients were discharged from hospita 
after the plaster had been changed two weeks after operation. Union occurred in abou 
sixteen weeks. 

I wish to thank Mr H. J. Seddon for allowing me to study these patients and for his encouragement in th 


preparation of this paper. My thanks are also due to Miss M. Fishwick for the drawings, and to Mr R. J 
Whitley for the photographs. 
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CHONDROMALACIA OF THE PATELLA 


A Study of the Later Results of 
Excision of the Articular Cartilage 


Puitip Wites, P. S. ANDREWS and R. A. BREMNER, LONDON, ENGLAND 


From the Middlesex Hospital and the Bland Sutton Institute of Pathology 
P 


The etiology, diagnosis and treatment of chondromalacia of the patella were discussed 
in a paper in this Journal by Wiles, Andrews and Devas in 1956. Many of the patients had 
been treated by excision of a part or the whole of the affected articular cartilage, the patella 
itself being left in situ. The results, on the whole, compared favourably with those of excision 
of the patella, but the review was carried out rather too soon after most of the operations 
to be sure that they would stand the test of time. We have therefore re-examined the same 
patients in an attempt to determine the later results. 

It has been possible to trace twenty-seven of the thirty patients reported upon (twenty- 
eight knees). The shortest time since operation is now nearly five years, the longest is more 
than seven years, and the mean is five and a half years. Nineteen patients were personally 
examined by one of us (R. A. B.), and the remainder supplied information by letter (Table I). 











TABLE | 
RESULTS 
ren Goud Farag Scbgounent 
One-third of patella 4 — OF 2. 
Two-thirds of patella 10 2 0 2 
All patella. ; 6 - 0 2 
an Gs it ee Te er te eee 








The results are detailed in Table Il. The same case numbers have been used as in the 
previous paper, and the same criteria for assessing the grading. Nine of the twenty patients 
with results classified as good regarded their knees as completely normal. The other eleven 
did admit in answer to leading questions that there was an ache or a feeling of stiffness after 
sitting for a long time—for example, at the cinema—and after strenuous exercise. This is 
also a common experience of patients with good results from excision of the patella. 

Since the last report the condition of two knees has improved from fair to good, two 
have deteriorated from good to fair, and the patella has been removed from three. The two 
patients who have been downgraded (Cases 12 and 14) still lead active lives, one as a 
physical training instructress and the other playing football. Their knees do not appear to 
have deteriorated, and they do not interfere with their activities, but are still a nuisance. 

In six patients the patella was excised because of continuing symptoms. Three of the 
operations were before the first report (Cases 5, 7 and 25) and three after it (Cases 2, 17 
and 31). The patient in Case 17 had other serious injuries to the knee and the original 
cartilage shave was perhaps ill-advised; the excision of the patella is still too recent for an 
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TABLE II 


CLINICAL DETAILS AND RESULTS IN THIRTY-ONE CASES 





: Age at sss a 
Case o¢ - Date of Condition Condition . 
number Sex yer operation in 1955 in 1959 Comment 
One-third of articular cartilage removed 
] M 22 1952 Good Good Same patient as Case 26 
2 M 16 1953 Good - Patella excised 1958 because of continuing symptoms 
3 F 16 1953 Good Good Now a trained nurse 
4 M 37 1954 Good Good 
DD. ah]. 2¥CISe ‘ or Var > Pe ; i ’ 
5 M 41 1954 Patella excised 4 months later because of continuing 
symptoms 
6 M 21 1954 Good Good 
Two-thirds of articular cartilage removed 
- M 15 1952 Patella excised 8 months later because of continuing 
: id symptoms; the other patella was excised soon afterwards 
8 F 19 1953 Good Good 
9 F 16 1953 Good Good 


Also had over 100 loose bodies removed. A doctor who 
10 M 27 1953 Good Good has recently moved to New Zealand. His former partner 
says his knee was then causing no trouble 








assessment. Removal of the patella has not greatly helped in Case 31 and the patient’s 
personality is such that it is doubtful if this operation would have been successful even as 
a primary procedure. The result of excision of the patella in the others has been satisfactory. 
DISCUSSION 

Two interesting observations can be made. Firstly, the failures do not appear to be 
related to the area of articular cartilage removed because they are distributed evenly amongst 
the three groups of patients. Secondly, the twenty-two knees that were immediately improved 
by shaving off the affected cartilage continued to improve and, with one exception, they have 
remained good ever since. On the other hand, five of the six patients whose patellae were 
removed later because of continuing symptoms failed to improve, even for a short while, 
after the first operation; these knees, bad to start with, continued bad until after the patella 
was excised. 

There has been no opportunity to examine a patella that has been shaved with a successful 
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11 M 24 1953 kg ? Cannot be traced 

12 F 1 1954 Good Peis Aches both spontaneously and after use but the patient 

- a ‘ p is still a physical training instructress 

13 M 45 1954 Good Good 

14 M 33 1954 Good Fair Knee feels weak and twice has “ given way,” but the | 
; = : patient plays rugby football regularly 

15 M 18 1954 Good Good 

16 M 28 1955 Good Good Plays squash 
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CHONDROMALACIA OF THE PATELLA 


TABLE II—continued 





A — - 
ee Sex operation pate of, Condition Contin Comment 
Two-thirds of articular cartilage removed 

- M 43 1955 Bad an Also had torn one 6 ee ee. Patella 
8 M 20 1955 Toorecent Good 

9 M 37 1955 Toorecent ? Cannot be traced 

0 M 28 1955 Toorecent Good Also had osteochondritis dissecans of femur 

1 M 22 1954 Good Good 

»2 M 33 1955 Toorecent Good 

All articular cartilage removed 

3 F ? 1951 Good Good Can dance indefinitely 

o |e me | ie | eee. | Se gee ee ee 
25 F 15 1953 , - Patella removed by another surgeon in 1954 

26 M 25 1954 Good Good See Case 1. Aches after long-distance running 
27 F 22 1954 Good Good 
28 F 36 1954 Good Good Has recently been climbing mountains 
29 F 43 1954 Bad Good On feet all day and dances. Occasional ache 

30 M 28 1955 Good ? Cannot be traced 

31 4 24 1955 Toorecent Patella excised 1956 because of continuing symptoms 








These three knees failed to improve after operation and the patellae were removed before the date of the 
st review. The condition of all three is now satisfactory. 


sult; so nothing is known about the condition of the remaining cartilage or of the areas 


from which cartilage was removed. It seems, however, that in the unsuccessful cases the 


hondromalacia has been rapidly progressive. This is illustrated in Figures | and 2, which 
1i0w also the area of cartilage removed at the first operation. Figure 3 demonstrates the 
‘terioration in another patella in only four months. No photograph was taken at the time 
f operation, but the records show that most of the patella was normal macroscopically. 
nly a small area was shaved and some regeneration of cartilage is apparent. Figure 4 shows 
patella from which the major part of the cartilage had been removed eighteen months before; 
ie remainder is greatly hypertrophied by chondromalacic changes. 

The unsuccessful results have been reviewed to see if there is any way of telling in advance 
/hen the chondromalacia is likely to be progressive and therefore excision of the articular 
itilage is contra-indicated. 
ge—Three of the failures were in patients aged fifteen, fifteen and sixteen at the time of 
peration. The patient in Case 31, although aged twenty-four at the time of operation, had 
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Case 2—Appearance after the articular cartilage had been shaved from the medial half of 
the patella. The lateral half shows no macroscopic evidence of chondremalacia. 





Fic. 2 
Case 2—The patella after removal five years later. There is widespread fissuring of the 
lateral half. (The incision was for the removal of cartilage for microscopy.) 
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Fic. 3 

Case 5—A small area of cartilage was cut away from the lower and medial facet 

(on the left of the photograph) four months before the pz itella was excised; there is 

some evidence of regeneration. Macroscopic chondromalacia of the rest of the 
patella developed during this time. 





Fic. 4 


Case 3—The greater part of the articular cartilage was removed a year before patellectomy. 
The remaining cartilage is greatly swollen by chondromalacic ahaiean. 
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had symptoms for many years. In this series the only successful result in an adolescent wa 
in Case 3; the patient had had a previous injury to the knee that may have damaged the sma 
area of cartilage that was excised. It may well be that a very early onset of severe chondr: 
malacia indicates that it is likely to be progressive and then it would be better to excise tl 
patella. This view is supported by Case 7, in which the second knee was affected soon aft 
the first. 

Condition of femur—\t happens that the patient in Case 2 had also an osteochondrit 
dissecans of the femur. Femoral chondromalacia was not more noticeable when the resu! 
were unsuccessful than when they were successful. 

Associated injuries—The cartilage shave carried out in Case 17 at the same time as repair « 
the medial and anterior cruciate ligaments was probably inadvisable. 

Histological findings (P. S. A.)—The histology of the articular cartilage removed at the prima 
operations has been reviewed in the light of subsequent knowledge. The cases in which tl 
patellae were later removed showed mild degrees of chondromalacia with superficial fissure 
partial loss of metachromasia of the ground substance and cyst formation. The chondrocyt 
nuclei in the deeper layers in the excised cartilage were hypertrophic and showed some mitoti 
activity indicative of attempted regeneration. When compared with the shavings of th 
successful group, the failures had less advanced degenerative changes associated with som 
repair activity. There was no single feature which distinguished a successful case from a failure 
and it was not found possible to forecast which would do well and which badly 

The excised patellae showed the marks of previous shaving which took place betwee1 
one and four years earlier; naked-eye examination revealed oval or circular shave-marks 
reaching various depths of the cartilage. Sections showed that the usual fissured surface 
of chondromalacia was replaced by a wavy or saw-like edge which remained irregular i 
spite of constant friction with the apposing femoral condyle. The failure to smooth off th: 
roughness is not due to generalised death of the cartilage because the deeper layers remaii 
viable even though the matrix often stains poorly and may contain cysts. The chondro-osseou 
line is doubled or trebled in thickness; the bone is alive and condensed in places beneat! 
thinned cartilage. 

Marginal osteophytes and eburnation of the bone do not appear to be significantly 
increased in the failures. Therefore the changes in their patellae are not typical of advancec 
osteoarthritis of the joint; nor has a pannus developed as a result of either the disease o1 
the surgical assault on the joint. 


CONCLUSIONS 

Removal of a small, moderate or major part of the articular cartilage of the patella for 
chondromalacia has been successful in twenty-two knees out of twenty-eight. These knees 
are functionally at least as good as after a successful patellectomy, and their appearance is 
better. 

Only one knee that was initially improved by operation deteriorated during a follow-up 
period of five to seven years. 

Of the six unsuccessful results, four were in patients whose symptoms began during 
adolescence. Excision of articular cartilage therefore seems to be contra-indicated during 
adolescence and when there is reason to believe that the chondromalacia will be rapidly 
progressive. 

Failure of excision of articular cartilage to relieve the symptoms within a few months 
is an indication for patellectomy. 
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STRESS FRACTURES OF THE PATELLA 


M. B. Devas, HASTINGS, ENGLAND 


From the Stress Fracture Bureau, the Middlesex Hospital, London 


I have been unable to find a description of a stress fracture of the patella. Here are 
scribed two such fractures that occurred in young athletes, with another case history of 
allied condition. 


ise I—A male student aged twenty-three was a middle-distance runner. In March 1954 he 
| much cross-country running. In the autumn of 1954, while still in training and still running, 
began to get pain in the left knee. There was no history of injury. One day, while he was 
nning for a bus, there was a sudden increase in the pain, and a click; and thereafter the 





Fic. 1 
Case 1—An athlete developed pain in the knee after running. A tangential view of 
patella showed a stress fracture of the lateral part. There was no history of injury. 





Fic. 2 


Case 1—Three months after the previous radiograph symptoms are still 
present and there is more displacement of the fracture. The small fragment 
was excised, with relief of symptoms. 


knee became swollen with tenderness over the lateral part of the patella, which showed a 
vertical fracture of the lateral part in the radiograph (Fig. 1). 


Three months later he still had pain and a radiograph showed further separation of the 


fragments (Fig. 2). The patella was explored and the small fragment of bone excised. 
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Macroscopically there was fibrous union between the fracture surfaces, but histologic. | 
examination revealed normal callus (Fig. 3). 
After an uneventful convalescence the patient regained full function and ran without pai 





Case 1—Histological examination of the tissue between the fractured surfaces 
revealed ossification in provisional callus. (Haematoxylin and eosin, x 35.) 


Case 2 (Mr S. A. Jenkins’s patient)—This doctor, a keen athlete aged twenty-eight, was, and is. 
a fast runner and hockey player. While running he developed pain in the knee, and a radiograph 
showed an undisplaced transverse fracture of the patella (Fig. 4). There was no history of injury. 





Fic. 4 Fic. 5 Fic. 6 
Case 2. Figure 4—While running, this patient developed pain in the knee. A radiograph showed an undisplace | 
transverse fracture of the patella. Figure 5—Two days later the fragments had become separated but at operatio 
close apposition was secured. Figure 6—The fracture united satisfactorily and the patient returned to fu’! 
running. 
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Two days later separation of the fragments had occurred (Fig. 5) but, at operation, close 
»osition was secured with stout silk sutures through the patella and quadriceps expansion. 
: patient made an uneventful recovery with sound union (Fig. 6) and returned to his normal 
ivities and sport. 

( se 3—A schoolboy aged sixteen, keen on sport, developed pain in the right knee, with no 
iry. The symptoms were localised to the upper and outer quadrant of the patella and 
urred only on running or playing games. 

Clinically there was little to find other than a small boss on the painful part of the patella. 

| diographs showed that the patella was bipartite—the opposite patella being normal—and 
| it the joint surface had an irregular contour (Fig. 7). The boss coincided with the smaller 





Fic. 7 


Case 3—Bipartite pz atella of a schoolboy with symptoms localised to the area on the deep surface of the smaller 
part. The * sky-line ” view shows the apparent irregularity of the articular surface. Excision of the smaller 
fragment relieved the patient of all symptoms. 


part of the bipartite patella. Conservative treatment was of no avail and the fragment was 

excised at operation, at which it was cut away from the larger fragment with a knife. The 

articular cartilage at the junction of the two parts showed no damage to the naked eye. After 

a normal convalescence the patient obtained complete relief of all symptoms and a return to 

full function. Histological examination showed that the surface of the small fragment in 
position to the remainder was covered with fibrocartilage. 


DISCUSSION 

Stress fractures have been recorded in most of the bones of the lower extremity. Certain 
irts of certain bones are more often, and more obviously, affected than others, although 
ith an increased awareness of the condition in general the diagnosis of unusual variants is 
‘ing made more frequently. 

In the patella this fracture should be obvious radiologically, particularly if tangential 
ews of the bone are obtained. The absence of injury would surely emphasise that this is a 
ress fracture. 

Apart from march fractures of the metatarsals, athletes are particularly susceptible to 
tress fractures of the tibia and fibula. It is interesting that, in the two athletes (Cases | and 2), 
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one fracture was vertical and ihe other transverse, though their sporting activities wer 
apparently similar. 

A bipartite patella on one side only is not uncommon, but I have never found this to b 
a cause of symptoms in the knee. The symptoms in Case 3 were typical of a stress lesion 
being present only on running and at sport, and ceasing with rest. The irregularity of th: 
joint surface as shown in the radiographs suggests that the smaller fragment had been pulle« 
slightly askew and that this caused the symptoms. 

Stress fractures are seldom badly displaced, and seldom require operative treatment, < 
general exception to this being now shared by the femoral neck with the patella. 


SUMMARY 


Case histories are given of three patients, two of whom had stress fractures of the patella 
and one had a similar condition due to stress. 


It is a pleasure to thank Mr Philip Wiles, under whose auspices the Stress Fracture Bureau at the Middlese 
Hospital is run, for his help, and Mr SS. A. Jenkins for the details of Case 2. | am also grateful to Mr M.S. Turney 
of the Photographic Department of the Middlesex Hospital for the photographs. Further, I would also like 
to thank all those surgeons who have sent details of other patients with stress fractures, and to welcome an 
further information about patients with this condition. 
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LOCKED MIDDLE FINGER 


J. N. ASTON, LONDON, ENGLAND 
From the Orthopaedic Department, St Bartholomew's Hospital 


. 


By far the commonest cause of “ locking” in the finger is stenosing tendovaginitis of 
e sheaths of flexor tendons as they enter their fibro-osseous canals. The result is the common 
yndition of “ trigger” finger. Four other ways in which the finger may get locked have 
en described : 

The extensor tendon may slip off the head of the metacarpal bone and come to lie in the 
terdigital cleft. This can happen in rheumatoid arthritis, and rarely may follow trauma. 
‘gouest (1868) saw one case, Paget (1875) three, and Marsh (1896) four (but as Marsh was 
iget’s assistant, and edited Paget’s manuscript, only one of the four may have been his own). 
izemon (1930), in a review of the literature, was able to find sixteen traumatic cases (only 
irteen, if three of Marsh’s patients had been earlier described by Paget). He was able to 
id one more of his own. Since, cases have been described by Straus (1940), Mouchet (1942) 
id Meyran (1951). The extensors to the index and middle fingers were most commonly 
fected, and in all but one case (Becker 1903) the tendon dislocated to the ulnar side. 

Alldred (1954) described a case in which the capsule of the metacarpo-phalangeal joint of 

e index finger split transversely, and the proximal part became caught round the base of 

i¢ metacarpal head, thereby producing an irreducible block to extension. 

Flatt (1958) described a case of recurrent locking in the metacarpo-phalangeal joint of 
1e index finger, from catching of an abnormal sesamoid on the head of the metacarpal. 
Langenskidld (1949) described two cases of recurrent locking in the index finger caused 

y catching of the collateral ligaments on the head of the metacarpal. He pointed out that 
Poirier (1889), on purely anatomical grounds, thought this mechanism should be a fairly 
common cause of “ trigger” finger. 

The literature therefore suggests that, apart from the classical “* trigger ” finger, locking 
n the finger is uncommon. For this reason the following five cases are described; all the 
patients attended the casualty department of one hospital within ten months. 


CASE REPORTS 


Case 1—A retired printer’s compositor, aged sixty-seven, was lifting a chair with both hands under 
he seat when he felt a ** click *’ and a sudden sharp pain in the metacarpo-phalangeal joint of the 
ight middle finger, and found that he was unable to straighten it. At the time he had the interphalangeal 
ints extended, but the metacarpo-phalangeal joints flexed at 90 degrees. 

He came to hospital the next day (September 10, 1957). On examination there was a block both 
10 passive and active extension at about 130 degrees in the metacarpo-phalangeal joint of the right 
niddle finger, with some tenderness round the joint, particularly on the ulnar side. Radiographs 
Fig. 1) showed early degenerative changes with an osteophyte on the ulnar side of the head of the 
vetacarpal. 
indings at operation—Under general anaesthesia an attempt was made to manipulate the finger 
raight, but the block to extension remained unchanged. The metacarpo-phalangeal joint was then 
xplored from the ulnar side. There were degenerative changes in the joint, the ulnar collateral 
gament appeared to have got caught in front of a small osteophyte, and this was the cause of the block 
Fig. 2). The ligament could not be released, and was therefore divided. At once it became possible 
) extend the joint fully. 

After operation the patient was able to extend the joint almost fully as soon as the sutures were 
2moved, and full flexion was regained within three weeks of operation. Five degrees loss of extension 
ersisted, and was still present when he was last seen seven weeks after the operation (Fig. 3). This 
atient has since died. 
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Fic. 1 Fic. 3 
Case 1. Figure 1—Radiograph showing mild degenerative changes in the third metacarpo-phalangeal join 
Figure 2—A drawing, modified from Poirier (1889), to show how, at operation, the ulnar collateral ligament 
was found to be caught by an osteophyte, making a block to extension. Figure 3—Condition on discharge 
There is terminal loss of extension persisting in the third metacarpo-phalangeal joint. 





Fic. 4 





Fic. 5 FIG. 6 
Case 2. Figure 4—Condition on admission—ulnar view. Limitation of extension is present in the middl 
metacarpo-phalangeal joint. Figure S—Radiograph, showing no significant abnormality. Figure 6 Conditio 
on discharge. A little limitation of extension persists. 
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se 2—The day after the first patient attended (September 11, 1957) a cold-store worker aged forty- 
en came to hospital saying that the same morning he and two mates were lifting a two-hundred-pound 
case of beef wrapped in sacking. He was holding the sacking, with the fingers tightly clenched. He 
a sudden ** cramp ” in the left hand and had to let go. On doing so he found that he was unable to 
end the metacarpo-phalangeal joint of the middle finger beyond 130 degrees (Fig. 4). The clinical 
dings were the same as in the previous case, but the radiograph (Fig. 5) was normal. 
idings at operation—As in Case 1, an attempt was first made to manipulate the joint straight under 
iesthesia : this failed, and the joint was explored. In accordance with Alldred’s (1954) recommendation 
incision in the palmar crease-line was used. No tear in the capsule such as he described was found, 
t early osteophyte formations were found round the metacarpal head. The block to extension 
rsisted until the knife was slipped round the sides of the metacarpal head and both collateral 
aments were divided. It was not possible through this approach to see the collateral ligaments 
« carly. As soon as the second ligament was divided full passive extension became possible. 
The patient made a rapid recovery, but a few degrees loss of full extension remained (Fig. 6). He 
s last seen seventeen months after injury. 
( ase 3—A stoker aged fifty-nine reported on January 31, 1958, stating that, the day before, he was 
lling on a “ dart’ (the long rod used in cleaning boilers) when it suddenly jammed, giving his 
nds a sharp jolt. He then found that he was unable to extend the metacarpo-phalangeal joint of his 





Fic. 7 Fic. 8 


Case 3. Figure 7—The condition on admission. Figure 8—Radiograph, showing some degenerative changes 
in the joint. 


left middle finger beyond 120 degrees, though he was able to flex it fully. Clinical examination confirmed 
that this was the only abnormality (Fig. 7). Radiographs showed degenerative changes in the joints 
of the hand, including the third metacarpo-phalangeal joint (Fig. 8). 
This patient refused to have a general anaesthetic or open operation; so the area was infiltrated with 

cal anaesthetic and an attempt was made to manipulate the joint, without success. He was given a 
hort course of physiotherapy and his progress was observed. 

’rogress—Six days after the injury the patient was stretching his hand in the physiotherapy 
lepartment when he felt a sudden pain in the joint, which came out straight with a “ snap.”’ From 
hen onwards he regained full movement in the hand, though some swelling and tenderness persisted 
n the ulnar side of the affected metacarpal head. He left the area three weeks after the injury and a 
nger follow-up was not possible. 

ase 4—A woman of sixty-four reported on May 1, 1958, having been the front seat passenger in a 
‘ar which was involved in a collision. She said that she struck her right hand against the dashboard 
ind then found that she was unable to straighten the metacarpo-phalangeal joint of the middle finger. 
she was first seen three days after the accident and was found to have a block both to active and 
assive extension at 130 degrees (Fig. 9). There were a little swelling and tenderness on the ulnar side 
f the joint, and radiographs (Fig. 10) showed osteophytic lipping of the head of the third metacarpal, 
vith the suggestion of a fracture through one of the osteophytes on the ulnar side. 

*rogress—Because of the success with conservative measures in Case 3 it was decided to adopt the 
ame treatment for one week. If, at the end of this time the block to extension was still the same, she 
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Fics. 9 AND I1 Fic. 10 
Case 4. Figure 9—Condition on admission. There is a flexion deformity at the third metacarpo-phalangeal joi 
Figure 10—Radiograph. Note that, in addition to the mild degenerative changes in both the second and thir 
metacarpo-phalangeal joints, what appears to be a fracture of an osteophyte can be seen on the ulnar side 
the head of the third metacarpal. Figure 11—Condition on discharge. A trace of limitation persists. 


was to be admitted at once for exploration of the joint. However, on May 4, one week after the 
accident, and only three days after she was first seen, the pain and limitation of movement became 
much less. When she was seen on May 7 there remained only 10 degrees loss of extension, and the 
swelling was much less. When she was last seen ten months after the injury there was a little residual 
thickening on the ulnar side of the metacarpal head and the 10 degrees loss of extension remained 
(Fig. 11). 

Case 5—A printer aged fifty-seven reported on July 14, 1958, with the history that, three days before, 
he had reached forward to grab an iron lever with his right hand, missed, and struck the back of his 
right middle finger against the bar. He noticed no immediate ill effects; and, making a second attempt. 
he was able to grasp the lever normally, but, when he came to relax his grip, he found that he was 
unable fully to extend the metacarpo-phalangeal joint of the middle finger. This block to extension 
persisted, though over the next few days he was able to extend his finger a little farther. When he was 
seen seven days after injury both active and passive extension at the right third metacarpo-phalangeal 
joint were restricted by 30 degrees. There was a little swelling over the ulnar side of the joint, but 
very little pain. Radiographs were normal. 

Progress—This patient was treated conservatively, and rapidly regained all but 10 degrees of extension. 
The limitation and some thickening on the ulnar side of the joint persisted for a while, but when last 
seen, seven months after injury, his finger was clinically normal. 


DISCUSSION 

Five cases of locking in the metacarpo-phalangeal joint of the middle finger are described. 
All occurred in middle-aged or elderly people, and in all but the last case evidence of degenerative 
changes in the metacarpal head was found—in Cases | and 2 at operation, and in Cases 3 and 4 
by radiography. Muscular contraction against resistance seems to have been the precipitating 
cause in the first three, and direct violence in Case 4 and probably Case 5. 

In the two patients on whom exploration was carried out the block to extension appeared 
to be caused by catching of the collateral ligament on an osteophyte arising from the metacarp 1! 
head. This is the identical mechanism postulated by Poirier in 1889 (Fig. 2) but the bas c 
factor seems to have been the degenerative changes, and it is doubtful if it ever happens n 
entirely normal joints. 

In the three patients treated conservatively, the cause of the block to extension was not 
known for certain. In Case 3 it was probably the same as in Cases | and 2. The nature of tle 
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injury in Cases 4 and 5 differs from that in the other three in that there was a direct blow on 
the joint, and the force appeared to be one of flexing the fingers against resistance. According 
to Straus (1940) direct trauma to the back of the flexed joint, damaging the capsule on its 
radial side, is the usual cause of subluxation of the extensor tendon into the interdigital cleft. 
In neither of the cases described was the tendon seen to be displaced. In both all the initial 
pain and bruising were on the ulnar, not the radial, side of the joint, as would be expected 
were the capsule torn on the radial side to allow the tendon to displace to the ulnar side. 
Further, in Case 4 the radiographs suggest that an osteophyte on the ulnar side of the 
netacarpal head was fractured. 

It thus seems likely that the same mechanism produced locking in all five patients. 

A possible explanation for the involvement only of the ulnar side of the joint is to be 
yund in the work of Landsmeer (1955). He pointed out that the collateral ligaments of the 
1etacarpo-phalangeal joints always differ on the two sides, the ulnar ligament being weaker 
han the radial, and running more obliquely from the dorsum of the metacarpal head to the 
almar aspect of the base of the proximal phalanx. 

It is interesting to speculate on why so little attention has been drawn to this condition, 
hich, from this small series, seems fairly common. Perhaps this is because, as the last three 
ases show, in time the ligament either frees itself or stretches; so that the locking resolves 
vithout treatment. 


SUMMARY 
Five cases of a sudden block to extension in the metacarpo-phalangeal joint of the middle 
nger, in middle-aged patients, are described. 
A possible explanation is that the ulnar collateral ligament gets caught on an osteophyte 
n the metacarpal head. 


I am very grateful to Mr H. Jackson Burrows for his helpful criticism and advice. 
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Medical literature contains few reports of haemangiopericytoma, which was the nar ie 
given by Stout and Murray (1942) to a specific vascular neoplasm composed of pericyi:s 
and numerous capillaries (Fisher, Kaufman and Mason 1952). Pericytes are specialis d 
contractile cells found in the walls of capillaries. In 1956 Stout reported 197 cases >f 
haemangiopericytoma, which have been reported in almost every part of the body (Sto ut 
1949, 1956; McCormack and Gallivan 1954), but this paper deals only with the orthopaec ic 
manifestations of the tumour and reports nine cases with the clinical findings, pathological 
features and treatment. 

The pathology and classification of soft-tissue neoplasms has caused considerable interest 
to pathologists in recent years. A Soft Tissue Study Centre has recently been set up in 
Washington by the Armed Forces Institute of Pathology to study neoplasms of this group and. 
largely because of the interest and efforts of Stout (1953), a clearer understanding of the 
histology, and a better classification have been evolved. During the study of these soft-tissue 
neoplasms certain hitherto unclassified vascular tumours were recognised and were called 
haemangiopericytomata (Stout and Murray 1942). 

This neoplasm has been accepted widely in Canada and the United States as an entity, 
but doubt as to its existence has been expressed elsewhere. 

The cases in our series have been selected carefully and assessed critically. The authors 
believe that each tumour fulfils those criteria that Stout put forward as characteristic of a 
haemangiopericytoma. 

PATHOLOGY 

A haemangiopericytoma possesses a rich vascular component of capillary-sized blood 
vessels with epithelioid cells (pericytes) closely packed between and around the vessels (Figs. | 
and 2). These neoplastic pericytes not infrequently lose their epithelioid appearance and 
become plump and fusiform, resembling smooth muscle cells; this may lead to a mistaken 
diagnosis of a vascular leiomyoma, leiomyosarcoma or fibrosarcoma. 

Although not common, haemangiopericytomata must be considered in the differential 
diagnosis of certain other soft-tissue neoplasms, particularly those of vascular origin. A very 
cellular haemangiopericytoma may resemble a reticulum cell sarcoma, and, to distinguish 
between them, a reticulum stain has been found most useful; it accentuates the vascular 
component clearly as well as the sheaths of the small blood vessels, to which it shows the 
relationship of the neoplastic cells (Figs. 3 and 4). With the Van Giesen stain pericytes stain 
a light tan. The cells do not form collagen. 

A haemangiopericytoma can be distinguished from a glomus tumour because the pericytes 
in the glomus tumour have an organoid pattern, and because it is circumscribed, does not 
infiltrate and is always benign. 

In endothelial neoplasms the cells proliferate inside the vascular sheath but in haemangic- 
pericytoma the vessels are lined with normal endothelium and the neoplastic cells lie outsid: 
the vascular sheath. 
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All the haemangiopericytomata encountered by the authors have infiltrated locally. In 


ite experience of one of us (J. H. F.) it has been almost impossible to distinguish the 
! n *tastasising from the non-metastasising variety by histology alone. Stout and others (Stout 
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ind. Fic. | Fic. 2 

the Case 7. Figure 1—Section of the tumour to show the cellularity and the numerous capillary-sized blood 
vessels. (Haematoxylin and eosin, x 120.) Figure 2—This part of the tumour shows the angular neoplastic 
cells closely packed around blood vessels which are lined with normal endothelium. (Haematoxylin and 
lled eosin, = 460.) 
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‘tes ase 7. Figure 3—A reticulum stain has outlined distinctly the vascular sheath of the vessels. Proliferation 
not f the neoplastic cells can be seen outside the vascular sheath. ( 460.) Figure 4— Here the reticulum stain 
hows the general pattern of the reticulum surrounding groups of cells rather than the individual cell. ( < 230.) 


956, Forrester and Houston 1951) have expressed similar difficulty. Metastases occur by 
oth haematogenous and lymphogenous routes, but usually the former, according to Forrester 
ind Houston (1951). 
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CLINICAL FEATURES 
Stout (1956) drew attention to the important clinical features of this neoplasm, but t! 2 
literature contains little else in this respect, as it deals mainly with the pathological appearanc 
The size of the neoplasms when first seen varied as greatly as the rate of growth. In seve 
of our patients pain and limitation of function were entirely lacking as initial complain 
The presence of a lump, slowly increasing in size, but without inflammatory changes, caus: 
several patients to seek medical attention. 

A haemangiopericytoma may occur at any age but the incidence is greater in the fi 
half of life. Of our nine patients six were under thirty years of age. Fortunately, the maligna 
variety seems less common in the younger patients although the most rapid death occurt 
in a nine-year-old boy despite radical surgical treatment. 

The site of the tumour and age of the patients are shown in Table I. 


TABLE I 


HAEMANGIOPERICYTOMA: SITE OF TUMOUR AND AGE OF PATIENT 








Site of tumour Age in years 
~ Headand neck . 1 as 
Upper limb . eae 9—59 
Lower limb . 4 9—16—25—43 
Trunk . 2 24—56 
~~ Number of patients ; 9° 4 Average age 29 ae 











CASE REPORTS 
Case 1—A nine-year-old boy noticed a soft-tissue swelling on the inner aspect of his thig 
just above the knee. There was no pain or local inflammation. 
After simple excision the tumour quickly recurred (Fig. 5) and a radical excision wa 
carried out two months later; a large part of the underlying vastus medialis was remove 





Fic. 5 Fic. 6 
Case 1. Figure 5—This haemangiopericytoma rapidly recurred on the medial side of the knee after 
local excision. Figure 6—At operation a semi-encapsulated haemangiopericytoma is seen rising out of 
the wound. 


with the tumour, which seemed reasonably well encapsulated and rose out of the wound as a 
bright orange growth (Figs. 6 and 7). After operation the area was treated with cobalt 6( 
beam radiation, the underlying lower femoral epiphysis being disregarded. One month afte: 
discharge the area appeared well under control, but within three months the boy had a marked 
enlargement of regional lymph nodes (Fig. 8) and rapidly deteriorated, and died from pulmonary 
metastases. The rapidity of the lymphatic spread was a most striking feature of this case. 
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Fic. 7 Fic. 8 
e 1. Figure 7—A large portion of the vastus medialis was removed with the tumour. Figure 8 Regional 
phatic extension of the inguinal lymphatic glands has occurred three and a half months after operation. 
ise 2—This twenty-five-year-old unmarried woman noticed a swelling behind the right knee 
‘ht months before she was first seen (Fig. 9); she had attributed it to a muscle strain while 
-ing. Gradually the size increased and impeded knee flexion. The biopsy caused such 





Fic, 9 
Case 2—The amputated leg showing a haemangiopericytoma lying deep to 
and between the medial and lateral heads of the gastrocnemius muscle. 
Note the blue colour of the tumour. 


orrential bleeding that the patient had to be returned to her bed with the wound packed, but 
howed that the lesion was a haemangiopericytoma which had been suspected after an aspiration 
needle biopsy. An above-knee amputation was carried out. Five months later (March 1959) 
1is patient seemed in the best of health, 
ilking well on her artificial limb. 
‘ase 3—A twenty-four-year-old woman pre- 
‘nted with a mass in the deep tissues of the 
osterior triangle of the neck, extending well 
own over the right scapula (Fig. 10). This was 
xcised locally on two occasions, and after a 
econd recurrence a course of cobalt 60 beam 





Fic. 10 
ise 3—A haemangiopericytoma involving the posterior 
iangle of the neck in a twenty-four-year-old woman. 


Fic. 10 
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radiation was given. The patient died four months later \v 
widespread blood-borne and lymphatic metastases from 
haemangiopericytoma confirmed at necropsy. 
Case 4—A fifty-nine-year-old man presented with a slo, 
enlarging swelling of the right thumb, which had started in an 
innocent mole-like warty growth. A radiograph (Fig. 
showed the extent of the soft-tissue involvement as well as he 
underlying bone changes. Disarticulation at the metacar »o- 
phalangeal joint was carried out after biopsy. This man ¢ ed 
from other causes about three years after amputation, but 
clinical evidence of local recurrence or extension of the neople im 
was found. 
Case 5—A nine-year-old girl complained of a tender nod 
Fic. 11 deep to the origin of the brachio-radialis muscle; the tum«ur 
Case 4—A radiograph to was excised twice and recurred twice. In each instance 
show the extent of the soft- : ; é 4 ; " 
tissue involvement and the histological diagnosis was haemangiopericytoma. The secc nd 
underlying bone changes in recurrence was treated by radiation in September 1956 and_ he 

the right thumb. ‘ : 

lesion has remained under control (March 1959). 

Case 6—A sixteen-year-old girl presented with a painless nodule over the medial aspect 
of her left great toe. The nodule was excised locally. Recurrence led to the diagnosis of 
haemangiopericytoma, and the toe was amputated through the metatarso-phalang: 
joint. Two years later there was no evidence of recurrence. 
Case 7—A forty-three-year-old woman had a below-knee amputation for a sarcoma of ‘he 
right great toe. A careful review of the sections some years later led to the diagnosis of 
haemangiopericytoma. This patient died twenty-seven years later of carcinoma of the 
pancreas and no extension or recurrence of the haemangiopericytoma was found at necrops) 
Case 8—A fifty-six-year-old man presented with a large mass overlying the right inguinal 
ligament. Wide excision followed by cobalt 60 beam radiation failed to save this patient 
who developed metastases, steadily deteriorated, and died within a short time. 
Case 9—A twenty-seven-year-old man noticed a slowly enlarging mass on the left tempora 
region. Material taken at biopsy revealed a haemangiopericytoma. The tumour was widel) 
excised and intensive cobalt 60 beam radiation was given in January 1955. So far there has 
been no recurrence (February 1959). 





ss 
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DISCUSSION 

The appearance of a painless lump, increasing in size, on the trunk or extremities, which 
may feel encapsulated and which is devoid of any inflammatory reaction, should cause the 
clinician to consider a haemangiopericytoma in his differential diagnosis. Although at 
operation the tumour may be highly vascular—as in Case 2—this is by no means characteristic 
and in some of our patients biopsy revealed fleshy non-encapsulated tissue which did not 
bleed unduly. 

The course of a haemangiopericytoma is difficult to predict. Several of our patients— as 
those in Cases 5 and 6—tolerated local surgery on repeated occasions with only mild loca 
recurrence. In no patient was the initial development of the lesion fulminating, and even in cur 
most severe cases the early stages of the tumour produced clinical findings far less foreboding 
than those of a similar stage of a malignant bone tumour. 

The metastatic tendencies of this tumour are most puzzling. As previously mention d 
microscopic appearances are unreliable as a guide to the liability of the tumour to metastasi.¢ 
The paucity of mitotic figures in a rapidly spreading haemangiopericytoma is most peculiir 

Stout (1956) recorded some most interesting observations about the metastatic rate. Thus 
in his whole series was 11-7 per cent, but haemangiopericytoma of the lower limb metastasis 2d 
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32-4 per cent. This is in striking contrast to haemangiopericytoma of the upper limb, 
1ere metastasis very seldom occurs. 

Lymphatic spread of haemangiopericytoma has not been stressed in the literature but has 
en observed in several soft-tissue haemangiopericytomata by one of us (J. H. F.). Spread by 
gional lymphatics was a most striking feature of Case 1, in which the inguinal lymphatic 
nds were so distended with tumour that it became necessary to carry out a local excision 
relieve pain. Lymphatic spread also occurred in Case 3. 
reatment—The unpredictable behaviour of this tumour raises considerable problems for the 
thopaedic surgeon, because it infiltrates locally, has a high incidence of local recurrence 
id a varying rate of metastasis. The malignancy of haemangiopericytoma has, in our 
perience, been underestimated in the past. Wide local and radical excision is the treatment 
choice (Kaplan 1949). Any remnant of the tumour is notoriously capable of producing local 
currence or metastases (Stout 1956, Forrester and Houston 1951). 

If there is evidence of recurrence after removal of this tumour from the thigh, 
nputation should be performed. Indeed it has been recommended that immediate amputation 
the treatment of choice for any large and deeply seated haemangiopericytoma of the thigh: 

e agree with this, as there is a 40 per cent chance that the tumour in this region will metastasise. 
he harmless clinical appearance of the tumour in addition to its usual painlessness makes it 
ficult for the patient to accept this decision. 

In spite of its highly vascular nature haemangiopericytoma has been unexpectedly radio- 
sistant, which is disappointing because it was hoped that radiation would be a useful adjunct to 

urgery. Cobalt 60 beam therapy was given to five of our nine patients after wide local excision. 

in two of these there were early recurrences, almost before the course of cobalt 60 had finished. 
Conclusions—Although it is not common, a haemangiopericytoma must be considered in the 
differential diagnosis of soft-tissue tumours seen in orthopaedic practice. Usually there are no 
distinctive clinical signs but the diagnosis can be made histologically. The tumour infiltrates 
locally and may metastasise to the regional lymph glands or through the blood stream. The 
prognosis in regard to malignancy appears to be worse when the tumour is in the lower limb. 
Microscopically it is not possible to distinguish between those tumours that will metastasise 
and those that will not. 

The malignancy of haemangiopericytoma in general has, in the opinion of the authors, 

been underestimated in the past, and they must all be considered to be potentially dangerous. 


SUMMARY 
|. Nine cases of haemangiopericytoma are described and the treatment is discussed. 
2. Six of the patients had a recurrence of the tumour after local excision. 
3. Four patients developed metastases and died. All had been treated by surgery and cobalt 60 
beam radiation. 


4. Five of the patients show no further disease. Of these, two received cobalt 60 beam 


radiation after surgical treatment. 
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ACUTE PYOGENIC INFECTIONS OF THE SPINE IN CHILDREN 


A. E. PRITCHARD and W. A. L. THOMPSON, LIVERPOOL, ENGLAND 


The early diagnosis of acute pyogenic osteomyelitis of the spine is often difficult. In tt 
early stages of the disease localising physical signs may be absent and radiographs may sho 
no obvious abnormality. In the present study the cases of six children with acute vertebr: 
osteomyelitis have been reviewed. Five were treated at the Alder Hey Hospital, Liverpoo 
and the sixth at the Robert Jones and Agnes Hunt Orthopaedic Hospital, Oswestry. Speci: 
attention has been given to clinical and radiographic features which may be helpful in diagnosi 


CASE REPORTS 
Case 1—A girl aged eleven years was admitted in January 1946 with a history of five weeks’ lowe 
thoracic pain and fever followed by the formation of an abscess in the temporo-mandibular regio1 
There was rigidity of the spine with tenderness over the upper lumbar spinous processes. Radiograph 
showed decalcification of the ninth and tenth thoracic vertebrae with diminution of the intervertebri 
space. Radiographs taken two weeks later showed a paraspinal shadow suggestive of abscess formatio: 
The diagnosis of spinal osteomyelitis was made and immobilisation on a frame was started. Penicilli 
was given. The girl made a full recovery. 
Case 2—A boy aged two years was admitted in October 1950 with a history of ten days’ anorexia 
fretfulness and limping. The spine was rigid and the boy would not sit up. Radiographs taken thre 
months after admission showed destructive changes in the contiguous margins of the fourth and fift! 
lumbar vertebrae. The child was kept on a frame for five months and made a full recovery. When h 
was seen five years after the acute illness his spine appeared quite normal; radiographs showe: 
vertebral sclerosis and persistent narrowing of the intervertebral space. 
Case 3—A boy aged eight years was admitted to hospital in Aden in June 1955 with a history of thre 
days’ malaise, headache, fever and stiffness of the neck. A diagnosis of poliomyelitis was made 
Lumbar puncture at first showed increase of protein and chlorides with 245 white cells per cubi: 
millimetre. One month later the spinal fluid was turbid; staphylococcus aureus was found on culture 
Treatment with aureomycin was started. The boy was transferred to the Alder Hey Hospital, Liverpool 
three months after the onset of the disease. Radiographs (Fig. 1) showed erosion of the contiguous 
margins of the second, third and fourth lumbar vertebrae with narrowing of the intervertebral spaces 
Immobilisation on a frame was started and was continued for two months. The boy recovered fully 
Case 4—A boy aged eight years was admitted in July 1955 with a history of ten days’ limping and pai 
in the left hip. He showed a marked flexion deformity of the hip with tenderness in the left rena 
angle. Erythrocyte sedimentation rate was 95 millimetres in one hour. White blood cells were 15,000 
per cubic millimetre. A presumptive diagnosis of perinephric abscess was made and penicillin was 
given. Radiographs taken one month after admission showed erosions of the contiguous borders ot 
the first and second lumbar vertebrae (Fig. 2). Immobilisation on a frame was begun. Progress was 
good and eventual recovery complete. 


Case 5—A girl aged eight years was admitted with suspected acute pyelitis in December 1957, having 
had four days of lower thoracic pain with radiation into the right loin. There was tenderness over the 
first lumbar vertebra and in the right renal angle and hypochondrium. There was also a scoliosis with 
spasm of the spinal muscles. Radiographs showed no abnormality. She developed a right pleural 
effusion after three weeks but it was not until six weeks after admission that radiographs of the spine 
(Fig. 3) confirmed the diagnosis of osteomyelitis of the twelfth thoracic vertebra. Treatment with 
penicillin and streptomycin was started a few days after admission because blood culture showed a 
growth of staphylococcus pyogenes. Immobilisation on a frame was started only after the diagnosis 
was confirmed in January 1958. The patient made a good recovery. 

Case 6—A boy aged nine years was admitted in December 1958 with a four days’ history of backache 
and fever. There was tenderness of the back at the thoraco-lumbar level both in the midline and on 
the left side, with spasm of the spinal muscles. There was also deep tenderness in the left loin. 
Erythrocyte sedimentation rate was 85 millimetres in one hour, white blood cells were 12,000 per cubic 
millimetre and blood culture showed a growth of staphylococcus aureus. Radiographs initially showed 
no abnormality. On a provisional diagnosis of a perinephric abscess penicillin and streptomycin were 
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ACUTE PYOGENIC INFECTIONS OF THE SPINE IN CHILDREN 





Ts 





Fic. | Fic. 2 
Case 3—Radiograph taken three Case 4—Radiograph taken six weeks 
months after the onset of disease, after the onset of disease, showing 
showing erosion of the second, third erosions of the bodies of the first and 
and fourth lumbar vertebrae with second lumbar vertebrae. 
narrowing of the intervertebral spaces. 
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Fic. 3 Fic. 4 


Case 5—Radiograph taken six weeks after the onset Case 6—Radiograph taken six months after 
of disease, showing destruction of the upper part of admission, showing condition in the phase of 
the body of the twelfth thoracic vertebra with loss healing. Note the sclerosis and reduction of 


of intervertebral space. intervertebral space. 
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given, and it was not until one month after admission that radiographs confirmed the diagno is 
of osteomyelitis of the second lumbar vertebra. Progress was good and full recovery occurr: 
The radiological appearances in the healing phase six months after admission are shown 
Figure 4. 


ANALYSIS OF CASES 

Clinical features—The onset is acute, with high temperature and toxaemia. Backache 
complained of but is poorly localised; depending on the level of the lesion the pain may radi: 
into the chest or abdomen or occasionally into one of the limbs. The spinal muscles are 
spasm and there may be a scoliosis. There may be a flexion contracture of the hip joint d 
to irritation of the psoas. In one patient (Case 3) stiffness of the neck with malaise and hi 
temperature led to an initial diagnosis of acute anterior poliomyelitis. There was evidence 
meningeal inflammation in this case. 

There is tenderness in the erector spinae muscles and pain on percussion of the vertebr 

involved and those adjacent to them. If there is an abscess the pus usually spreads anterior \ 
and laterally. If the infection is in the thoraco-lumbar region the lateral spread of pus m:\ 
suggest a subphrenic or perinephric abscess, whereas a lower thoracic focus may produce a 
pleural effusion. The presumptive diagnosis of perinephric abscess was in fact made in tv o 
of our patients (Cases 4 and 6). Later a kyphos may develop. 
Special investigations—Blood culture is usually positive in the initial pyrexial stage. Tie 
erythrocyte sedimentation rate is markedly raised, being between 60 and 120 millimetres n 
the hour, and the white cell count is raised to 15,000 or above. A negative Mantoux tcst 
has been very significant; a positive reaction is not of value. 

Radiographic examination may show elevation of one or both sides of the diaphragin 
and perhaps an abscess shadow suggestive of subphrenic pus. The spine is radiological’, 
normal at first, but after about three weeks, or earlier in very young children, areas of 
destruction appear on the contiguous margins of the involved vertebrae (Fig. 2), together 
with patchy osteoporosis of their bodies. The crescentic vertebral erosions appear rather 
behind the midline of the bodies. Later the intervertebral space narrows, and finally, in the 
healing phase, there is dense sclerosis of the adjacent margins of the vertebrae (Fig. 4). 
Treatment—The clinical picture is clear enough to justify antibiotic treatment on suspicion in 
the early stages. After the third week radiographs permit a firm diagnosis. Antibiotics should 
be given for at least a month, and immobilisation (by frame or plaster bed) should be instituted 
as soon as possible, and continued for two to three months depending on progress. These 
measures yielded satisfactory results in our series even though they were begun late in each 
case because of delay in diagnosis. All our patients recovered completely, though the 
narrowing of the disc space is permanent. We cannot say whether or not this leads to backache 
in later life. 


c 


c 


c 


DISCUSSION 

A study of the literature indicates that vertebral osteomyelitis has been recognised for « 
very long time. In 1931 Smith demonstrated the existence of blood vessels in the discs. He 
quotes Schmorl, * infectious disease leads to a diminished transparency and thickness of the 
discs. When the vertebral spongiosa is inflamed the disc exerts pressure which causes 
collapse of the cancellous bone. The discs themselves later become inflamed, vascularised and 
shrunken from fibrotic and degenerative changes or may ossify.” 

Wilensky in 1929 and Kulowski in 1935 described the condition. Stammers (1938) 
described epidural suppuration as a complication. Turner (1938) stressed the difficulty of 
diagnosis and said that the condition should always be considered when abscesses forme! 
around the kidney. 

Butler, Blusger and Perry (1941) studied thirteen patients admitted to the London Hospit: 
between 1921 and 1941, all of whom died. 
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ACUTE PYOGENIC INFECTIONS OF THE SPINE IN CHILDREN 89 






Guri (1946) in an excellent review discussed the “ hip syndrome’ with which these 
hildren often present, and described the pathology and clinical course of the disease in detail. 
Bremner and Neligan (1953) described the condition in seven patients between the ages 
f nine months and two and a half years. The initial diagnoses were Pott’s dise ise, ** painful 
mp.” encephalitis, ** infected hip,” urinary infection, **? sacro-iliac infection,” “ abdominal 
iin ? cause.”” All eventually responded well to treatment on a plaster bed and only one was 
eated with penicillin. Mantoux test was negative in all. In four there was spasm of the psoas. 
he radiographic findings and course of the disease were characteristic though the progress 
f these patients was less stormy than that of ours. 
The site of the vertebral erosions corresponds to the position of the nucleus pulposus 
the intervertebral disc. Their position raises the question of whether the inflammatory 
Janges start in the nucleus and spread thence causing necrosis of the vertebrae by pressure. 


SUMMARY 
Six children suffering from acute infections of the spine have been studied. 
Clinical and radiographic features are described. Reasons are given for bearing the 
ondition in mind when dealing with cases of pyrexia of unknown origin in children. 
Treatment is broadly outlined. 
Radiographic findings are discussed in relation to the pathology of the disease. 


ve are grateful to Mr F. C. Dwyer, Mr A. M. Hendry and Mr G. L. Shatwell for permission to publish details 
f their patients. 

We would also like to thank Professor B. L. McFarland for his help and advice, and Dr E. W. McMillan 
1r his assistance with anatomical matters. 
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AMPUTATION OF ALL TOES 


A Review of Forty-seven Amputations 


MICHAEL FLINT and RODNEY SWEETNAM, LONDON, ENGLAND 
From the Institute of Orthopaedics, Royal National Orthopaedic Hospital, London and Stanmore 
And she said—** It’s a fact the whole world knows, 


‘* That Pobbles are happier without their toes.” 
EDWARD LEarR (Nonsense Rhymes) 


4 


Fixed clawing of the toes with dorsal dislocation of the metatarso-phalangeal joints 
often seen in patients with rheumatoid arthritis, pes cavus, and severe hallux valgus. It m 
cause much pain and restriction of activity. Some patients can be made comfortable 
regular chiropody and the provision of special shoes, but often conservative measures are 01 
partly successful, and a more radical approach to the problem is necessary. 

Moderate fixed deformity of the toes can, of course, be corrected by arthrodesis of t 
interphalangeal joints or by one of the many operations that shorten the skeletal framewo 


a 


Fic. | 
Fixed toe deformity with multiple metatarso-phalangeal dislocations. 


of the toe; but in the severely crippled foot with multiple metatarso-phalangeal dislocations 
and fixed deformities of the toes these minor procedures are often ineffective or disappointing. 

Hoffmann (1912) introduced an operation to correct multiple toe deformities by excision 
of all the metatarsal heads through a single transverse plantar incision. He considered tha 
the operation removed the force tending to displace the toes dorsally and so relieved pain anc! 
corrected deformity. Fowler (1957, 1959) described an operation using a dorsal approach 
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te advised removal of the bases of the proximal phalanges, refashioning of the metatarsal 
ads and excision of the painful callus under the prominent metatarsal heads. 

Many surgeons, however, believe that there is no value in preserving stiff deformed 
inctionless toes, and advise their amputation in severe cases (Nissen 1953, Pridie 1959. 
iyle-Creer 1959). 

Hendry (1959) has performed this amputation several hundred times with excellent results, 
id credit should be given to him for being among the first to draw attention to its merits. At 






























Fic. 2 
Dorsal incision crossing proximal phalanges. 





the Birmingham meeting of the British Orthopaedic Association in 1938 he showed a small series 
of patients, all of whom were delighted with the relief of pain after amputation of all their 
toes. Although amputation of all the toes of a foot must be a widespread practice, we have been 
unable to find any other reference to a series of cases so treated. Certainly the operation was 
well known to the first generation of orthopaedic surgeons in this country. We have learned 
from several sources that Sir Robert Jones frequently did the operation, and a patient upon 
whom he had operated many years before was shown at the Exeter meeting of the Royal 
Society of Medicine in 1937 by Mr Norman Capener. Catterall and Oakley (1957) found a 
similar operation of great value in the treatment of gangrenous or infected toes in the diabetic 
ischaemic foot. 

Recently we have had the opportunity of reviewing forty-seven amputations in twenty- 
eight patients. Most were operated upon more than five years ago and the good results seem 
worth recording. 

TECHNIQUE OF OPERATION 

In this series the technique used was that described by Nissen (1957). The incision begins 
over the first metatarsal head and runs transversely across the dorsum of the toes to the lateral 
border of the foot (Fig. 2). After crossing the proximal phalanx of each toe, it dips down into the 
intervening web spaces, and in this way adequate skin flaps are assured. A similar incision is made 
on the plantar aspect (Fig. 3) and both are deepened to bone through which the extensor and flexor 
tendons and neurovascular bundles are divided, and each toe is disarticulated in turn. When all 
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3 


Plantar incision across proximal phalanges and webs. 


Fic. 4 


Toes after disarticulation—joined by narrow bridges of skin from webs. 
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toes have been disarticulated, they are found to be joined together by a narrow bridge of 
n from each web (Fig. 4). Any lateral or plantar prominence of the metatarsals is trimmed 
‘and any evident rheumatoid cysts are removed. The wound is closed with interrupted 
tures. The suture line comes to lie well dorsal to the pressure areas on the sole. 





FIG. 5 
Healed stumps showing suture line away from weight-bearing area 





Fic. 6 
Sponge rubber insole with metatarsal padding and toe block. 


POST-OPERATIVE MANAGEMENT 
The pressure dressing is retained until the sutures are removed on the tenth day. When 
he wound is healed a special insole is provided (Fig. 6). This insole is covered with sponge 
ubber and incorporates a combined metatarsal and cavus support, together with a cork 
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io 


toe block faced with sponge rubber. Either ordinary or surgical shoes are worn, accordi 
to the width of the forefoot. A few patients have preferred normal shoes without insol s, 
We have found it important to provide shoes of full length; short surgical shoes made to it 
the toeless feet are not only uncomfortable and unsightly, but lead to instability. The leng h 
and natural flexibility of the normal shoe seems to compensate for the stabilising function ) 
even grossly deformed toes, a factor easily forgotten when such toes are regarded as functionle 
Catterall has used the Downie prosthesis and has found it very satisfactory. 


4 


RESULTS 
Of the twenty-eight patients whom we have been able to trace, nineteen had both fi 
operated upon and so forty-seven toeless feet were available for review. The average leng 
of follow-up was five and a half years. The cause of deformity and age at operation are giv 
in Table I. 


TABLE | 


ANALYSIS OF TWENTY-EIGHT PATIENTS SUBJECTED TO AMPUTATION OF ALL THE TOES ON ONE OR BOTH Ft 








Etiology Number Unilateral Bilateral ‘erase Follow-up ee — 
: ; Excellent Good Fair 
Rheumatoid arthritis . ; 12 2 10 51 8 6 4 2 
Hallux valgus. . : 8 4 4 52 5 8 
Pes cavus (and neurological) 7 2 . 5 41 7 6 l 
Injury : ; ' : l I 15 2 l 
All groups : ; 28 9 19 49 5-6 21 (75%) 5 2 | 





This case not included in average age. 


Before operation the patients were all severely handicapped. One patient suffering from 
severe rheumatoid arthritis was bedridden but subsequently got about again. Most patients 
were unable to wear ordinary shoes before operation. 

All twenty-eight patients felt that they had been improved by operation. Those patients 
who had no significant discomfort in the feet, no stump tenderness and no tender callus 
under prominent metatarsal heads, and who felt that they had been greatly improved by the 
operation, were classed as having an excellent result. Patients who were well pleased with 
their feet but still had some tenderness of the stump or metatarsal heads were graded 
as having a good result. Those who had considerable discomfort under the metatarsal heads 
but less than before amputation, or who complained of instability, were classed as havin: 
a fair result. 

Of the twenty-eight patients, twenty-one had excellent, five good, and two fair results 
The two described as fair were troubled particularly by instability and metatarsal head pressur: 
from wearing short unpadded shoes. They were made much more comfortable with new 
full length shoes and insoles. 


DISCUSSION 
Amputation of painful dislocated toes removes both the cause of local pain and disability 
and the downward thrust on the metatarsal heads which aggravates the metatarsalgia. It migh 
be thought that excision of all the toes would produce an unstable and unsightly foot anc 
that dropping of the forefoot with a consequent increase in metatarsalgia would occur after 
the operation, but this has not been our experience. 
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AMPUTATION OF 


he Hancock committee (1947), appointed to 
disability after injury, reported that ““amputation 
the toes leaves the main part of the foot intact 
loes not therefore have such a serious effect on 
ower and balance as trans-metatarsal amputation,” 
vent on to state that ** it does, however, tend to 
oy the arch of the foot by damaging the flexor 
les and thus renders necessary the use of a surgica! 
. without which walking is difficult.” Because of 
he committee proposed that the disability arising 
1 loss of all toes should be assessed at 20 per cent 
yne foot and 40 per cent for both. We have found, 
ever, that the arch of the foot is usually well 
erved (Fig. 7). Many of the patients examined 
able to wear normal shoes with metatarsal pads 
toe blocks (Fig. 8), and sometimes even these have 
1 discarded. 
On the other hand, the preservation of a full- 
ith shoe is a necessity. It seems that apparently 
ctionless toes have some use in the maintenance 
balance. The provision of normal length shoes 
1 toe blocks compensates for the loss of the toes 
| makes it possible for the patient to walk normally. 
We have not found that amputation produces 


ier dropping of the forefoot or any increased prominence of the metatarsal heads. 


ALL 








Fic. 7 


Footprint showing preservation of arch. 


Those 


ients without anterior flat foot before operation have not developed it and most of those 
h previous metatarsalgia improved after operation. It is of interest that the one amputation 
necessitated by injury produced * no disability whatsoever ”’ in the words of the patient and 





Fic. 8 
Normal shoes worn after amputation. 
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that examination revealed an otherwise normal | so! 
without any callus under the metatarsal heads. Ve 
also know of an active mountaineer who, having st 
all the toes from both feet by frostbite, contin es 
mountain climbing (Fig. 9). 

In our opinion amputation of all the toes i 
valuable procedure and should be more wic | 
employed in the treatment of fixed claw-toe deforn 
associated with multiple metatarso-phalangeal 
locations. 


Lt 


SUMMARY 


1. The indications for amputation of all the toes 
severe toe deformity in rheumatoid arthritis, hal 
valgus and pes cavus are discussed. 
2. The results of forty-seven amputations in twen 
eight patients are analysed: 93 per cent were fou id 
to be very satisfied with the operation. 
3. The technique of the operation and the subsequ: nt 
management are described. The importance of 
_ Fic. 9 retaining full-length shoes fitted with metatar:al 
ere cain tes a “I the tax _insoles and toe blocks to preserve a good gait and 
of both feet in consequence of frostbite. | balance is emphasised. 


- 


-— 
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It is a pleasure to express our thanks to Mr K. I. Nissen for allowing us to review his cases which form n 
of this series and for his help in the preparation of this paper. 

We also wish to thank Mr H. Jackson Burrows and Mr I. G. MacKenzie for their help and advice; and 
the consultant surgeons on the staff of the Royal National Orthopaedic Hospital for permitting us to see 
their patients. 

We wish to express our gratitude to Mrs M. Glen Haig and Mr R. J. Whitley and their staff for their help 
with the follow-up and photographs. 
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THE VASCULAR CONTRIBUTION TO OSTEOGENESIS 
I. Studies by the Injection Method 


J. TRUETA and J. D. MoRGAN, OxFORD, ENGLAND 


From the Nuffield Orthopaedic Centre, Oxford 


In 1727 Stephen Hales noted that the long bones grew in length only at their extremities. 
lacing markings in the bones of animals he, and later Duhamel (1742) and Haller (1757-66), 
‘monstrated the lack of any substantial interstitial lengthening in the normal process of 
owth. This was again confirmed by John Hunter (1837), two of whose experiments are 
ll preserved at the Royal College of Surgeons of England, London (Fig. 1). The extent of 
iderstanding of the mechanism of growth in the middle of the eighteenth century may be 
idged by the description given in the 1750 edition of Cheselden’s Anatomy, which reads as 
lows: “* The cylindrical bones and all others whose fibres are nearly parallel, begin (to 
ssify) about the middle of each fibre, and whence shoot forth to their extremities; not always 
1 continued lines but frequently beginning new ossification which soon join the former; 
id by the continued addition to this ossifying matter the bones increase till their hardness 
esists a further extension.”’ Enchondral ossification in growing bones was apparently not 
1entioned until 1836 when Miescher made the first substantial reference to this basic mechanism 
f the growth process. The earliest complete account of the growth plate was that of Todd 
nd Bowman (1845) which was soon followed by the painstaking study of Sharpey, appearing 
1 the fifth edition of Quain’s Elements of Anatomy (1848), the notes and references of Leidy 
of Philadelphia (1849) and the extensive study of Tomes and De Morgan (1853). But it was 
not until 1858 when Miiller published his now classical work on the mechanism of epiphysial 
cartilage calcification that the first full account of the basic mechanism of growth was published. 
In the succeeding twenty years since the publication of Miiller’s work the detailed anatomy 
and function of the epiphysial cartilage became nearly as well known as they are to-day. 
In some respects, such as those which refer to the part that the vascularity adjacent to the 
epiphysial cartilage plays in this process, some authors of past generations seem to have 
collected more information than is usually shown in current text-books today. A good 
example of this old interest may be found in Ranvier’s Traité technique dhistologie (1875) 
where repeated references to the part that the vessels play in osteogenesis appear. Ranvier, 
ike many of his contemporary anatomists, prepared his specimens by vascular perfusion 
before sectioning for microscopic examination. Present day studies of injected materials 
inder the light microscope have become rare, even though satisfactory methods of 
erfusion of the finer vessels are now available. 

In this centre for the last ten years procedures of vascular perfusion for the study of the 
one tissues have been developed and a number of papers referring to the vasculature* of bone 
iave been published, but with one exception (Trueta 1958) only a passing reference to the 
ole of the vessels in the mechanism of calcification and in osteogenesis proper has been 
yublished. The present work refers to the vasculature adjacent to the growth plate, and at 
he time it was planned by the senior author (J. T.) it was decided that the data that might 
be collected would not be published until the work was considered as near its completion as 
possible. The investigation was divided into five main sections: 

1. Study by injection methods of the normal vascular supply adjacent to the growth plate. 


* For some time a word referring to the vascular system as a whole as opposed to its constituent parts has been 
found necessary. We consider that the word vasculature would cover this requirement as does the word 
musculature for the muscular system. Professor Kenneth Franklin supports its use in the United Kingdom 
is it is sometimes used in the United States of America. 


VOL. 42 B, No. 1, FEBRUARY 1960 97 








J. TRUETA AND J. D. MORGAN 


2. A similar study using the electron microscope. 
3. Changes produced in the epiphysial cartilage by the experimental suppression of 
either the epiphysial or the metaphysial blood flow. 

4. Effect of compression and of distension upon the epiphysial cartilage and its blocd 
supply. 

5. Study of the vascular pattern of the plate in conditions such as rickets, hypothyroidisn), 
pituitary removal and others which could be experimentally reproduced in laboratory 
animals. 

For this study a total of over four hundred rabbits, two hundred rats, sixty guinea-pig. 
twenty dogs and fifty human specimens were available for vascular perfusion. Direct ligt 
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The famous tarsal bone of a chicken in which John Hunter 

demonstrated by the inclusion of two lead shots that growth 

occurs in the long bones at their extremities. From the 

Hunterian Museum, Royal College of Surgeons of England, 

London. (By kind permission of the President and Council of 
the Royal College of Surgeons of England.) 


and phase microscopy, microradiography and macrophotography by the method of Spalteholz 
were used in most specimens; when necessary, electron microscopy and x-ray diffraction were 
also available and on a smaller number of occasions biochemical studies were performed. 
In the present paper we refer to the data obtained in our first study. 


STUDY OF THE NORMAL VASCULAR SUPPLY OF THE GROWTH CARTILAGE BY PERFUSION 


The purpose of this investigation was to collect data on the pattern of the vessels adjacent 
to the growth plate, with the object of using the information as control for the subsequent 
investigations and also for the direct study of the relationship between the cartilage cells and 
the vessels during enchondral ossification. 
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THE VASCULAR CONTRIBUTION TO OSTEOGENESIS 


MATERIALS AND METHODS 

The proximal epiphysial plate of the femur and the proximal and distal epiphysial plates 

he tibia in children, dogs, guinea-pigs, rabbits and rats were studied. A total of well over 

o thousand sections were examined under the light microscope, the dissecting binocular 

croscope or by microradiography. Although we think that some small difference in the 

scular pattern of the growth plates of several of the specimens studied do exist, we believe 

it they are not sufficient to justify a separate description of the vessels of any particular 

ecies; we shall thus assume that the data given below refer to all the species mentioned 

ove and, if we may judge by the results of a few complementary investigations in other 
imals, to all mammals in general. 

Some substantial differences are present in all the examined species between the plates 
ar the knee and that of the proximal femoral epiphysis, but, while we believe that these are 
yportant in explaining the peculiarities of growth at the upper end of the femur, we will 
yt describe them here. Only bones of healthy animals of all ages from early foetal life to 
re-maturity have been used; the human specimens were only included after we were satisfied 
iat the cause of death had no detectable influence upon the integrity of the growth cartilage. 

Our methods of vascular perfusion have been described before (Trueta and Harrison 
)53). Alternating thin (10 4) and thick (200 to 300 uw, and on occasions to 400 yz) sections 
(the injected materials were obtained ; this was considered essential to establish the relationship 
etween cellular structure and the circulatory system at its first ramifications. Serially numbered 
‘ctions cut at right angles to the direction of the columns of cartilage cells were also examined. 

Usually fixation was obtained by formol saline, and decalcification by formic acid; 
hauematoxylin-eosin for basic staining, | per cent toluidin blue for metachromasia of the 
cartilage. Gomori and an azo-dye method were used for the detection of alkaline phosphatase 
and P.A.S. reaction for mucopolysaccharides and mucoproteins. 

For this particular study we used microradiography to detect early calcification rather 
than to visualise fine vessels. Perfusion of 2 per cent Berlin blue followed by the method of 
Spalteholz gave the clearest detail of the fine vessels. 

The object of the present work was to study the vascular characteristics of the growth 
cartilage assuming that if its two opposite surfaces had different functions then the shape, 
size, direction or other characteristics of the blood vessels supplying them might provide 
sufficient data to suggest what part each plays in the complex process of growth. Detailed 
description of the epiphysial cartilage cells is common enough to preclude enlarging further 
n this subject but, as our papers will repeatedly refer to particular parts of the growth plate 

nd its surroundings, it seems correct to introduce the subject by giving a short account of 
e region under study. We will, therefore, refer here to the well developed growth cartilage 
ice the epiphysial bone nucleus, either primary or secondary, is fully grown. The vascular 
d cellular changes occurring during the formation of the bone shaft and preceding the 
ial organisation of the epiphysial cartilage have been investigated and will be published 
parately at a later date. 

DESCRIPTION OF FINDINGS 


ine anatomical structure of the growth cartilage—Alithough the following description may 
ply to any growth cartilage from any of the species we have studied, we have selected the 
pper tibial epiphysis of the three-months-old rabbit to illustrate our text (Fig. 2). These 
gures could have been substituted by others from our human material without any substantial 
hange in the description. 

The growth plate has its epiphysial and metaphysial surfaces or ** borders *’; to abbreviate 
e shall refer to the epiphysial side as the E-side and the metaphysial as the M-side. 

The cancellous lamellar bone of the weight-bearing epiphysis during the first growth 
eriod has hardly any predominant orientation. In man at about four to five years the so-called 
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weight-bearing trabeculae will make their appearance reaching the surface of the epiphysis 
increasing numbers until they form a robust wide column at the age preceding the fusion 
the plate. Independent from these thickened trabeculae we find the bone plate (Fig. 2, zone 
a sort of rudimentary cortex, limiting the epiphysial cancellous bone immediately adjacent 
the first row of cartilage cells. This corresponds to the bone shell first described under 1 
joint cartilage by Toynbee (1841), and known as the zone of calcified cartilage, but it is thick 
than this zone and has openings through which the vessels penetrate, an event which in 
calcified zone of the joint cartilage only occurs in certain pathological conditions such 
degenerative arthritis. The bone plate is formed by a variable number of lamellae, usua 
from six to eight, and it constitutes approximately 
juel "ge [me a | s fifth of the thickness of the growth cartilage prop 
, oc. ‘* ‘ ar . 
re et i b | The bone plate present at the time of epiphysial clost 
remains visible until late in life and is known as t 











Fhe 





epiphysial scar. 

Immediately under the bone plate there is a zo 
of amorphous material, mainly a mucopolysaccharic 
perhaps chondroitin sulphuric acid and some protein, 











Fic. 2 

Growth plate from the upper tibial : . 
epiphysis of a rabbit. The illustration constant relation between the number of cells and tl 
shows the several zones into which the a 7 mm 

arr activ ) > STOW ate, the greate 2ir number tl 
plate is divided: a—Bone plate. b—Zone icti ity of the gro th pl ite, the gre uler their numbe 
of “ resting” cartilage cells. c-——Zone of higher the fertility of the plate. The slow growin 
proliferation. d—Zone of hypertrophic artehr: ni sac ave _ ‘ > 

; “fie V Q ses do not have mo han six t 
or giant cells. e—Zone of cell degenera- ertebral epiphyses dc o ite — oe S 


they are actively reproducing themselves. There is 


tion. f—Zone of bone formation. (» 40.) eight such cells in each column. This is the zone otf 


proliferation or palisade, and together with the zor 
of germinal or “resting” cells corresponds to approximately half of the growth cartilagc 

Towards the end of this part of the column the cells begin to enlarge to form the zone « 
hypertrophic or giant cells; this zone contains from four to twelve large, spherical or cuboi 
oedematous cells with a central nucleus (Fig. 2, zone d). Altogether, the zone of giant cell: 
despite their smaller number, is frequently larger than that of the proliferative cells. Th 
giant-cell segment is followed by the zone of degeneration (Fig. 2, zone e). Only one, o 
exceptionally two, degenerating cells are found at the end of each column; they represent th 
last stage of cellular disintegration before the first bone elements appear (Fig. 2, zone f). 

It may be worth remembering that each cell we have described above represents no mot 
than a stage in the evolution of a single cartilage cell, from birth to senility and final death 
with which the cartilage cell makes its contribution to the genesis of bone. 

It is of interest to refer briefly to the intercellular substance on which the cartilage cell 
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which the first cartilage cells are found (Fig. 2, zone t): 
these are usually either single or in couples facing ea. | 


pe = other along their longest axis. When this occurs they a 
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> @ © 4 flattened against each other. They h little cytopl 
; } me ° ° 
y = (Fig. 2, zone c). The nucleus is seen displaced towari 
ar e periphery as if being squeezed « y the pressure 
’ the periphery as if being squeezed out by the pressure | 
= ic 2se cells are subjected. In a sequence of ten | 
» yi 3 ian £ which these cells are subjected. Ir 
~~ ids be a | é ’ 


twenty such cells their shape scarcely alters although 








f 
































S 


c 


c 


) 








iphysis n 


fusion of 


), zone 
djacent 
under t e 
is thick r 
ich in tie 
s such. 5s 


e, usual y 
imately 

e proper 
al closu e 
wn as te 


is a ZO.’ 
accharic 

rotein, n 
zone t): 
icing each 
J were, in 
ion. But 
sis. This 


sd that of 


Immedi 


yumns of 


order and 
‘ytoplasm 
1 towards 
ressure 10 
of ten to 
although 
here is a 
_ and the 
imber the 
growing 
nN Six to 
zone of 
the zone 
cartilage 
e zone « 
r cuboi 
ant cells 
Ils. Th 
one, 0 
esent th 
ef). 
no mor 
al death 


lage cell 


[ SURGER 








THE VASCULAR CONTRIBUTION TO OSTEOGENESIS 101 


are ‘nchored. In the area of the so-called resting cells the intercellular substance is almost 
am “phous, with the cells widely scattered apart and the collagen not completely orientated, 
eve if there is some predominance of the fibres directed towards the cell columns. This 
pre ominance increases at the level of the proliferative cells where all the collagen fibres 
ar! age themselves parallel to the cell columns. 

As the M-end of the columns is approached the space left between the cells becomes 
na ower, the cells of each column almost touching their neighbours in the next columns. 
A: . consequence of this arrangement the intercellular substance is greatly reduced but the 
re’ aining fibres continue in the direction of the columns. The earliest sign of calcification 
is und in the space just above the last two giant cells, but from this point onwards the 


a 








Fic. 3 


Microradiograph showing the hydroxyapatite deposit adjacent to the 
epiphysial cartilage. Note the mould of cell capsules at the metaphysial 
border of the growth plate. In A a vessel crosses under the bone plate. 


calcification of the intercolumnar ground substance progresses rapidly until beyond the level 
o! the first degenerative cell only calcified columns are now present (Fig. 3). 
This is a summary of the course of events in the evolution of the cell and matrix of the 
eiphysial cartilage. Many important points are still to be clarified, such as the role of the 
ssels in calcification, the origin and destiny of the ** resting ” cell, the cause of the cartilage 
il growth and final degeneration, what part it takes in forming the ground substance, and 
ially whether cell division may occur in the columns apart from the initial division of the 
lls of the proliferative segment. It would be important also to elucidate whether resorption 
‘the E bone plate takes place, to allow space for the constant reproduction of most of the 
lls, as has been asserted by Payton (1933) and others, or whether the whole epiphysis 
* lifted’ to keep the necessary distance with the zone of calcification advancing from the 
etaphysial end of the column, as Lacroix (1951), Ham (1957) and many others believe. 
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Epiphysial vessels penetrate the bone plate towards the first row of cartilage cells. 
Note that not all the arteries and veins penetrate the bone plate through the same 
canals. (x 40.) 





Fic. 5 


E-vascular ends just under the bone plate. Each bulging vessel covers the space 
corresponding to from four to ten cell columns. It is striking how many cartilage 
cells appear to be very close to the vessels. (= 240.) 


NORMAL VASCULAR PATTERN 
Epiphysial side—The arteries penetrate the epiphysis close to the capsular insertion near th 
growth plate. The distribution of the main E-vessels, except in a few decidedly individualisti 
epiphyses like the proximal femoral (Trueta 1957), is that described by Morgan (1959 
for the rabbit’s tibia. By progressive branching and anastomosing, fair sized arteries reac! 
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Fic. 6 
Well injected E-vessels expanding underneath the bone plate giving the 
appearance of a rake. ( 35.) 





Fic. 7 


Injected E-vessel penetrating the bone plate. Profuse osteoblast 
apposition may be seen close to the vessel wall. ( 210.) 


hese arteries cross the barrier and expand into terminal spurs before turning back as large 
eins, not always through the same canal (Fig. 4). Each terminal expansion covers the space 
orresponding to from four to ten cell columns and it is frequent to find * resting ” cells, or 
ven columns, which begin very close to the vascular endothelium (Fig. 5). We have never 
ound a vessel that penetrates between two cartilage cell columns, even though it is common 
o find vessels turning back at different levels depending on the diversity of depths at which 
he columns begin. In a transverse section immediately under the bone plate a very rich 
ascularity is seen, the whole of the vascular expansions forming a ceiling under the roof of 
he bone plate. 

There is apparently no difference between the vascularity of the periphery and that of 
he central part of the space under the bone plate even though many vessels from the surface 
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penetrate at the point of insertion of the capsule. We have not been able to demonstra e 
anastomoses between them once they have crossed the bone plate; on the other hand, 5 
stated above, anastomoses in large numbers do occur above on the E-side of the plate. 1 
is common to find a large epiphysial vein immediately over the bone plate formed by t 

confluence of four or more venules, each of which has penetrated across the plate through a 
different passage, giving to the vessel the appearance of a rake (Fig. 6). Considering the tot | 


i 


fy! 
1% J if 
Lan PE eLPs “4% 


Way’ Fe a 
Fic. 9 


Figure 8—Contrasting vascular shape at both sides of the growth plate. The loops of the distal branches 

of the nutrient artery reach the growth plate from its metaphysial side and cover the three central fourths 

or more of the plate. ( 8.) Figure 9—The outer fringe of the growth plate at its M-side is supplied by the 
robust periosteal vessels known as the perforating vessels of the metaphysis. ( 15.) 








Fic. 10 Fic. 11 
Figure 10—M-end of the growth plate columns. The vascular loops turn back without reaching the last 
intercellular septum. The last normal looking hypertrophic cell is separated from the vessel by a dying 
** degenerate ” cartilage cell. (>< 320.) Figure 11—Hairbrush appearance of the M-vessels of the growth cartilage 
looping back at the level of the last row of cartilage cells. (> 32.) 


number of vessels which expand under the plate it is fair to assume a very rich fluid supp!) 
for the cells of this area. Thus the current view that a rich blood—and so oxygen—supp') 
exists only at the M-side of the plate is not supported by our findings. 

Despite the assertion made above that resorption of the bone plate covering the germin 
area is supposed to occur, we have been unable to detect any osteoclast there, a fact which s 
of interest whatever concept of the resorptive mechanism of bone may be adhered to. Neithr 
have we seen any signs of trabecular erosion. 

As stated before, the arteries may be seen on occasions penetrating the bone plate (Fig. - ) 
across a passage different from that of the veins. 
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Bone formation by osteoblast apposition may be profuse (Fig. 7). Some of the vessels 
re reminiscent of those found in the head of the femur before the secondary ossicle has 
ppeared (Trueta 1957). 

On none of the normal fully developed growth plates from any of the species we have 

udied, have vessels been seen passing from the epiphysial to the metaphysial side across the 
late or vice versa. Thus the belief (Gill 1940) that vessels penetrate the plate seems totally 
itenable. 
‘omment—The vascular pattern is similar throughout the whole of the periphery of the 
piphysis with two exceptions: firstly, the vessels close to the bone plate which covers 
1e epiphysial cartilage are larger than and of different shape from those under the calcified 
irtilage surrounding the rest of the epiphysis; secondly, whereas no vessels penetrate the 
yrmal calcified zone of the joint cartilage, large vessels pierce the bone plate to expand 
iderneath it before returning, frequently through different passages across the bone plate. 

A rich blood supply is available underneath the bone plate directly in the midst of the 
tercellular substance surrounding the germinal cells and the reproductive part of the columns 
cartilage cells. 
letaphysial side—Approximately four-fifths of the vessels reaching the growth plate from 
1¢ M-side consist of the last ramifications of the nutrient artery. They are very evenly 
istributed over the central part of the growth plate extending over the three central fourths 
r more of the growth plate (Fig. 8). The outer fringe of the plate is supplied from the system 

of large perforating M-arteries, robust periosteal vessels which act as minute nutrient arteries 
(Fig. 9). There is no detectable distinction between the end vessels from these two sources. 
Both repeatedly divide into ever finer arterioles until at about the level of the last trabeculae 
they are arranged in straight parallel vessels, advancing towards the last hypertrophic cells of the 
columns (Fig. 10). They all turn back at approximately the same level, the descending leg of 
the loop being indistinguishable from the ascending or arterial one. The whole of the loop 
system of vessels resembles the hairs of a brush (Fig. 11). 

Studied in detail, these vessels resemble the vasa-recta-spurea of the renal circulation 
(frueta, Barclay, Daniel, Franklin and Prichard 1947), but in distinction from these, they 
never anastomose with each other. They terminate in the pool system of sinusoids at 
the level of the first cancellous space of the bone marrow with all the characteristics of the 
haemopoietic vessels (Doan 1922, Trueta and Harrison 1953). The venous sinusoids drain 
into large collecting vessels which in joining together form the bulky emerging veins described 
by Marneffe (1951) and by Morgan (1959). 

Of particular interest for the understanding of the process of calcification is the relationship 
of the vascular loops with the cartilage cells of the plate. The two legs of the looping vessels 
once well injected almost, but not completely, fill the spaces left by the removal of the cartilage 
cells; the walls limiting this space consist of the calcified cell capsules together with the 
intercolumnar substance and form a long tube which represents the beginning of the bone 
marrow Cavity. 

It is always found that even in the best injected specimens (Fig. 10) there is no direct 
contact between the vascular loop and the last intercellular septum. This is because the end 
cf this space is filled by erythrocytes which have been displaced and accumulated by the 
iyjection mass (Fig. 12). The great frequency with which this peculiar accumulation of 

ythrocytes is found pressing against the last remaining intercellular system may be interpreted 

two ways. Either it represents vascular bursts caused by the injection mass or, much more 
‘obably, vascular extravasations caused by the sudden opening of the capsules which precedes 
ie progression of the M-vessels towards the epiphysis. If this were confirmed, the existence 
f open vessels in bone which had been suggested by Stricht (1892) and denied by Doan (1922), 
‘rinker, Drinker and Lund (1922) and Trueta and Harrison (1953) among many others, 
iould be admitted as real. In the normal there is a constant relationship between the vessel 
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and the earliest deposition of hydroxyapatite. As the advancing vessel is stopped by th 
intercellular septum limiting the last recognisable but degenerate cell, the crystals « 
hydroxyapatite are found at the top of the capsule immediately preceding it; that which sti 





Fic. 12 
Colour microphotograph showing the degenerating giant cell being invaded 
by erythrocytes from the vascular loops. (x 400.) 








Fic. 13 


Calcification of the intercolumnar spaces initiated at the top of the last but two 
normal looking giant cell. Section cut without decalcification; stained by von 
Kossa’s method. (x 200.) 


contains the remnants of a giant cell. The earliest signs of calcification have never been foun | 
in the normal beyond the intercolumnar spaces corresponding to the top of the last but tw) 
normal looking giant cell (Fig. 13). Thus, there appears to be a close relationship betwee | 
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1e open end of the M-vessels and the area of calcification, but finer methods are required 
) elucidate this most important point. This is now being done with the help of the electron 
\icroscope. 
Proceeding towards the metaphysis the vessels acquire a more consistent structure and 
‘e surrounded by the osteoblasts which are responsible for the laying down of the first 
mellar bone (Trueta 1958). At this level bone reabsorption and bone formation go hand in 
ind in the normal, and thus the presence of osteoblasts is paired, even if in a much lesser 
‘tent, with that of the osteoclasts, even if we are sceptical about the part they may play in 
1e active removal of bone. 
lkaline phosphatase—In all sections stained for alkaline phosphatase we have confirmed, 
many before us since the early finding by Robison (1923), that alkaline phosphatase 
ypears first in the nucleus of the giant cells and later in the intercellular substance surrounding 





Fic. 14 


Colour microphotograph showing the perfect correspondence between (a) the 
giant cartilage cell, (6) alkaline phosphatase (in brown) and (c) the injected 
vessels (in blue). ( 50.) 


them. As with calcification, there is a close relationship between the vascular loops, the 
siant cells and the placement of alkaline phosphatase. The correlation has been studied 
| detail during the earlier periods of bone growth preceding the organisation of the epiphysial 
rtilage (Fig. 14) and will be published in detail elsewhere. In this figure the perfect 
rrespondence is seen between the giant cartilage cells (a), alkaline phosphatase (6) and the 
jected vessels (c). It may be of interest that when the giant cells are present but not the 
ssels, the characteristic stain of alkaline phosphatase does not appear. 
»mment—The vessels of the metaphysial side of the plate are in a very large proportion the 
st ramifications of the nutrient artery. They appear regular in shape and progress, by 
‘netrating, one after the other, the last recognisable giant cell of each column of the growth 
ate. Even in the best injections the loops are rarely in contact with the last intercellular 
ptum but an interposition of red corpuscles accumulates between the loop and the septum. 
his forces us to consider that the opening of every one of the last capsules by the progressing 
‘ssel causes a sort of microhaemorrhage which may leave the vessel permanently open at 
’ most distal part. 
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The area of cartilage calcification has been found to start always within two or thr: 
capsules of the one just invaded by the vessel. This implies that, after a suitable matrix hi 5 
been laid down by the cells, the near approach of blood is necessary before calcification occur . 
One or both of two mechanisms may be at work. In the first place it may be necessary 
increase the local phosphate concentration (and red corpuscles are known to contain a hig 
proportion of phosphoric esters (Gutman 1951)); secondly, it might be that it is necessai 
to convey the alkaline phosphatase which some believe to be necessary for the destructic 
of an inhibitor of the crystallisation process (Neuman and Neuman 1958). We have observe 
that alkaline phosphatase, giant cartilage cells and the vessels appear intimately related, an 
at least in early calcification such as in the formation of the perichondral ring of the long bone 
only those giant cells near the vessels appear to have, and be surrounded by, alkalir 
phosphatase. 

But in the growth cartilage the whole mechanism of growth is implicit in the giant cartilag : 
cell—vessel—calcification. Growth occurs first by the division of the proliferative cartilag: 
cells with which their number repeatedly doubles; secondly, by the increase in size of thes: 
cells, and, last but not least, by the calcification of the matrix round the last three cells of th: 
columns, a process which is conditioned by the penetration of the vessels. Consequentl 
while all three factors contributing to the mechanism of growth seem essential, bon: 
appears to be laid down only in the presence of an appropriate type of vessel. A transvers: 
section of the recently calcified part of the metaphysis appears as a honeycomb. In reality 
the lifting of the epiphysis—and thus of the whole body—which is the consequence of 
bone growth, is effected over a large number of calcified tubes which work like the pillars 
under the artificial islands used in recent times to perforate the bed of the sea. 


Our thanks are due to Mr D. W. Charles and Miss M. Litchfield for their technical assistance. 
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THE VASCULAR REACTION OF TUBULAR BONE TO ISCHAEMIA 
IN PERIPHERAL OCCLUSIVE VASCULAR DISEASE 


M. BROOKES, LIVERPOOL, ENGLAND 
From the Department of Anatomy, University of Liverpool 


In recent years variation in soft tissue vascular pattern, the distribution of arterial lesi« 
and associated circulatory phenomena in peripheral occlusive vascular disease have bx 
intensively investigated (Woollard and Weddell 1934; Boyd, Ratcliffe, Jepson and James 19- 
Learmonth 1950; Leriche, Beaconsfield and Boély 1952; Mavor 1956; Kelly, Dahlin a 
Janes 1958). From these studies it is apparent that a collateral circulation is developed 
the chronically ischaemic limb, which may be adequate for tissue survival in advanced sta 
of occlusion of the larger arteries, until an added factor such as injury or thrombosis precipita 
peripheral gangrene. The vascular changes occurring in tubular bone in ischaemic conditic 
have been difficult to determine in the past because clinical arteriography does not peri 
the visualisation of intraosseous blood vessels (Lamas, Amado and da Costa 1946). Althou 
the bones of a limb amputated because of severe diminution in blood supply would be lik: 
to reveal, as effectively as any experiment, the vascular reactivity of osseous tissue to ischaem 
few studies with this in mind have been made (Miiller 1926, Jaffe and Pomeranz 1934). 
assess the vascular changes in ischaemic tubular bone requires comparison with normal ad 
controls, but the literature about this, apart from its modest extent, lacks unanimity on ma 
of the fundamental problems of bone vascularisation, in particular on the role of the periosteu: 
in cortical nutrition. In this paper the vascular architecture of tubular bone in chronic occlusi 
vascular disease with particular reference to the tibia is compared with that of non-atherosclero! 
adult human material, with the aim of establishing the nature of the vascular reaction of bo 
to ischaemia. 

MATERIAL AND METHODS 


This investigation is principally based on a radiological examination of the amputat 


atherosclerosis. 
by diabetes mellitus. The age of the patients varied from fifty-nine to eighty years, averagii 
seventy years. 
reasons other than peripheral occlusive vascular disease, were examined as controls. 
Material for radiological investigation was prepared by injecting intravascularly a barium 
sulphate suspension (Micropaque, Damancy and Co.) diluted 50 per cent in normal saline. 
which as shown by Brookes and Harrison (1957) ensures the greatest filling of the arterial 
tree. Injections were performed slowly by means of thumb pressure applied to a 20-millilitre 
syringe, pressure being controlled manometrically and varying between 180 and 250 millimetres 
Hg. This procedure was carried out within two hours of operation in most cases, and withi 
twenty-four hours for all. Intravascular injections of ** Micropaque ” were readily carrie 
out when the atherosclerotic lesion was segmentally localised to the popliteal artery, a polythen: 
cannula being tied in below the site of occlusion. Great difficulty, however, was presente! 
by those limbs in which the anterior and posterior tibial and peroneal arteries had bee 
predominantly affected, sometimes being reduced to fibrous cords. Nevertheless, a caref\ 
search always revealed patent and injectable arterial channels coursing along the subcutaneov ; 
surface of the tibia or in the neighbourhood of attached muscles and tendons. When thes? 
had been used, the principal nutrient artery of the tibia was injected directly in the narro 
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lower limbs of twenty-five patients who underwent above-knee operations for advanced senile 
Peripheral gangrene was present in every case, and eight were complicate 


In addition to this material three lower limbs and one hand, amputated fo 
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sv cus leading down to the foramen at the junction of the uppermost and middle thirds of the 


t 


1 posteriorly. The artery lies deeply between the tibialis posterior and flexor digitorum 
gus, separated from the tibia by the principal nutrient vein. 

Intra-arterial injections as described above were carried out in twenty of the atherosclerotic 

bs. In another five examples ** Micropaque ” was injected retrogradely through the veins. 
hough the limb veins in these diseased members were generally patent, their valves presented 
isiderable obstruction to the successful filling of the whole venous system about the tibia. 
nae comitantes were injected through number 12 Record needles as far distally as valves 
uld permit. The veins were then tied and needled again just proximal to the valvular 
struction, which was then pierced by pushing the needle distally through it so that retrograde 
ection could be resumed. Periosteal, intramuscular and principal nutrient veins were 
directly cannulated in this fashion and injected. There are no valves in the principal 
trient vein for about two inches above the nutrient foramen. On completion of intravascular 
ection the limbs were fixed in 5 per cent formalin containing 2 per cent phenol. Some 
iae were dissected free from the rest of the leg, and entirely stripped of all extra-osseous 
sue including the periosteum, the better to demonstrate radiographically all blood vessels 
tually within bone. The preparations were decalcified in 5 per cent nitric acid and 
diographed either as whole specimens on “ Ilfex”’ film, or as hand-cut transverse or 
ngitudinal sections varying in thickness from one-tenth to one-quarter inch on ** Kodaline” 
m. Well filled preparations were also subjected to microradiography on “ Kodak ” 
aximum resolution plates using a microfocus unit incorporating the Ehrenberg and Spear 
be. 

Control angiographic records were similarly prepared of the intra-osseous vascular 


atterns in the hand of a man aged seventy-six years amputated because of a necrotic ulcer 


of the dorsal skin following x-ray treatment for epithelioma, and in three amputated lower 
limbs. In one subject, aged fifty-nine years, the operation had been carried out for neuropathic 
arthritis of the knee complicated by chronic pyarthrosis; in the other two subjects, aged 


i 


fifteen and fifty-four years respectively, for sarcoma of the thigh. The blood pressure readings 


for these four patients were all within normal limits. 


Histological preparations were made from some of this material after radiological 


examination. Parts of the tibia were embedded in low viscosity nitrocellulose (L.V.N.) 
(Chesterman and Leach 1949). Sections were cut at 20 4 and stained with haematoxylin and 
eosin, or Schmorl’s thionin and picric acid stain. 





RESULTS 


\mputations with occlusive vascular disease—A rich periosteal network is present in ischaemic 
tibiae especially over the subcutaneous surface. The borders of the bone and associated 


‘ndons are accompanied by small longitudinal vessels with transverse branches forming an 
pen meshwork which enwraps the bone entirely. In those limbs in which disease had affected 
redominantly the femoro-popliteal artery in the region of the adductor canal, with subsequent 
‘ute total occlusion by superadded thrombosis, arteriography of the whole bone (Fig. 1) 
ows a well developed principal nutrient artery ramifying in the medulla. The cortex in 
hole preparations appears relatively poor in blood vessels, but transverse sections (Fig. 2) 
‘the tibial shaft reveal a combined periosteal and medullary blood supply of compact bone. 
here is only a poor anastomosis (by vessels larger than a capillary which can be reached and 
led by intravascularly injected “* Micropaque ”) between the periosteal and medullary fields 
the cortex. Periosteal arterial channels in this group of ischaemic tibiae tend to be patchy 
| distribution, whereas medullary vessels irrigating the cortex are readily and regularly 
>monstrable in any random section. 
Arteriography of tibiae which had endured a gradual development of severe ischaemia, 
i¢ arteriosclerotic process being predominantly in the peripheral arteries, shows that the whole 
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Fic. 1 
Arteriograph of a tibial shaft with periosteum 
attached, from a man aged seventy-six years; 
popliteal thrombosis three weeks before 
amputation. The principal nutrient artery 
and its branches are shown. Natural size. 


Fic. 2 
Cross-section of the bone in Figure |, showing 
a combined periosteal and medullary arterial 
supply to the cortex. (Microradiograph, » 2.) 


Fic. 3 
Arteriograph of part of the shaft of a tibia 
without periosteum from a man aged seventy- 
seven years; amputation for severe senile 
atherosclerosis with peripheral gangrene. 
Natural size. 
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one is permeated with arterial channels to a degree not to be suspected from the gangrenous 
iture of the limb. The principal nutrient artery is discernible until it enters the medulla, but 
ereafter its derivatives are not visible as clearly differentiated medullary arteries distinct from 
e mass of arteries of other provenance, which are responsible for the radiographic picture 






















ie 
Fic. 4 Fic. 5 


Fizure 4—Cross-section of bone shown in Figure 3. Fine medullary and coarse periosteal arterial channels 
irrigate the cortex. (Microradiograph, <2.) Figure 5—Posterior half of a cross-section of an amputated 


tibia from a woman aged seventy-two years. Intramuscular arteries are in direct continuity with periosteal 
arterial channels in the cortex. (Microradiograph, ~ 3-5.) 





FIG. 6 Fic. 7 


Figure 6—Cross-sectional arteriograph through the lower third of a severely ischaemic tibia (man aged 

seventy-seven years). The cortex appears eroded by large periosteal vessels passing into the medulla. 

(Microradiograph, » 2.) Figure 7—Enlargement of Figure 6, showing vascular stellate figures (A) in the 
peripheral medulla. (Microradiograph, < 12.) 





an apparently chaotic irrigation of the bone (Fig. 3). Cross sections through the tibial shaft 
ig. 4) show that the cortex is vascularised by arterial channels both from within and from 
ithout. In the medulla they tend to be of fine calibre and sharp outline, contrasting with the 
c arser appearance of vessels in the cortex. At fleshy attachments periosteal vessels are in 
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direct continuity with intramuscular arteries (Fig. 5). Some sections through the lowest © jird 
of the tibial shaft give an appearance of a wholly periosteal arterial supply to the cortex (Fi 6) 
and vascular stellate figures can be picked out in the peripheral medulla (Fig. 7). Longituc n: 
sections at right angles to the inner and outer surfaces of the cortex of the ischaemic _ bi, 
show periosteo-medullary anastomoses which are generally inclined downwards and outw. -d 
The cancellous bone of the tibial extremities appears remarkably well vascularised in longituc n 
section (Fig. 8). Metaphysial and epiphysial arterial territories freely mingle across the sit: 
of the growth cartilages. Incoming epiphysial arteries give rise to a dense mass of fine art si: 
derivatives which pass peripherally into the juxta-articular zone, whose enhanced vascul. -it, 
is undoubtedly due in some part to the concomitant visualisation of venous sinus: d: 
identified by their larger calibre and coarser outline superimposed on the general backgrc ind 
of smoothly contoured, narrow calibred arterial pathways. Figure 9 demonstrates m 
radiographically these differences between the arterial and venous aspects of the juxta-artic ‘lar 





Fic. 8 


Sagittal section of a tibial condyle showing the vascularisation of spongy bone in senile 
atherosclerosis. Some of the juxta-articular venous system can be seen in this predominantly 
arterial preparation. (Microradiograph, « 2°25.) 


circulation in peripheral occlusive vascular disease. Figure 10, a sagittal section of an ischaemic 
phalanx, and Figure 11, a cross-section through the metatarsal of a gangrenous hallux, prov ide 
further evidence for a centripetal arterial supply of ischaemic tubular bone emanating from 
surrounding soft-tissue vessels. 

The venographic appearance of the ischaemic tibia is in marked contrast to the arterial 
arrangements described above. The whole bone (Fig. 12) shows a central venous sinus which 
appears as the direct continuation of the principal nutrient vein passing down the medu!l 
of the shaft to the junction of the middle and lowest thirds, where it abruptly breaks up into 
a spray of venous channels diverging as they approach the distal extremity of the bone. 1 his 
sudden and marked change in the venous pattern occurring at the lowest third of the tibi: is 
not matched by a corresponding change in the arterial arrangements of the ischaemic bone 
Transverse radial tributaries of the central venous sinus (Fig. 13) at mid-shaft level p ‘ss 
outwards towards the endosteal face of the compactum and pierce it. The cortex in | ils 
region is richly drained by venous radicles in its inner two-thirds which are directly continu: us 
with the central venous sinus and its medullary tributaries. The outermost third of the cor 2 
in the middle of the tibia is comparatively poorer in venous channels larger than a capill. ") 
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Fic. 9 
rgement from Figure 8 of articular cartilage and 
rlying blood vessels showing coarse venous 
soids superimposed on fine arterial pathways in 
-articular zone. (Microradiograph, » 10.) 








Fic. 10 
Sagittal section through a proximal phalanx of a 
severely gangrenous foot from a woman aged sixty- 
seven years; skin and extensor expansion above. 
Arterial channels from the surrounding soft-tissue 
vessels irrigate the bone. (Kodaline, x 4.) 


Fic. 11 
Cross-section through the first metacarpal of a 
gangrenous hallux from the foot of a man aged eighty 
years. The cortex has a combined medullary and 
periosteal arterial supply. Note the stellate vascular 
figure in the periphera! medulla. (Microradiograph, 
3.) 


Fic. 11 
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Fic. 13 Fic. 14 t 
Figure 13—Cross-section at mid-shaft level of tibia shown in Figure 12, showing cen «a - 
venous Sinus and its radial tributaries. (Microradiograph, 3.) Figure 14—Cross-sect on 
through the lowest third of the tibia shown in Figure 12. (Microradiograph, » 3 Cc 
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Fics. 15 AND 16 
Figure 15—Longitudinal section through the distal 
epiphysis of an ischaemic tibia injected through the 
veins. A large transverse venous sinus is shown, 
with vertical metaphysial venous connections. 
. : ; ‘ 
(Kodaline, « 2.) Figure 16—Juxta-articular venous 
sinusoids in the tibia shown in Figure 12. (Micro- ( 
adiograph, 5. 
radiograph 15.) Fic. 16 J 
Fic. 12 
Venograph of portion of the shaft of a tibia amputated for advanced senile atheroscleros 
woman aged seventy-five years. The central venous sinus breaks up into a spray of vess: $s 
in the lower third of the bone. Natural size. r 
rm 
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ch would be revealed by “* Micropaque”’ venography. Although cross-sections at this 
| do show venous radicles completely traversing the cortex uniting periosteal veins with 
jullary sinuses, nevertheless, seemingly at least, the inner two-thirds of the cortex, if not 
re, is drained into the medullary venous system. 

Cross-sections from the lowest third of the tibial shaft (Fig. 14) 
w that most of the spray of venous channels lies in the cortex rather 
n the medulla. Longitudinal sections (Fig. 15) of the distal tibial 
‘emity show large transverse venous sinuses in the inferior epiphysis 
he tibia which are in direct continuity with medullary metaphysial 
uses across the epiphysial line; furthermore, irregular venous sinusoids 
he juxta-articular zone are revealed in the absence of a complicating 
srial background (Fig. 16). 
iputations without occlusive vascular disease—Arteriography of a tibia 
. en from a fifteen-year-old youth whose leg was amputated for femoral 
s. coma demonstrates the normal intra-osseous appearances of the 
p neipal nutrient artery (Fig. 17), with its well developed ascending and 
d scending branches showing numerous tortuosities in the medulla at 
t!> middle of the shaft. Although this specimen has not been fully 
mniical injected with “ Micropaque,” nevertheless all vessels visible in the 
3 cortex are of medullary origin. In the absence of peripheral occlusive 
vascular disease, transverse tibial microradiographs (Fig. 18) of a limb 
amputated for neuropathic arthritis of the knee with a complicating 
pyarthrosis (patient aged fifty-nine years) show arterial channels passing 
centrifugally through the compactum towards the diaphysial surface. 
The vascular system in this bone has undergone pathological change, 
probably in the development of numerous large periosteo-medullary 
anastomoses, but the picture is still one of a preponderant medullary 
irterialisation of bone cortex. A wholly medullary blood supply to 
compact tubular bone was seen in the remaining two amputation 
specimens in which the vascular system may be considered normal. 
Figure 19, a transverse tibial microradiograph of a limb amputated for 
sarcoma of the thigh (patient aged fifty-four years), shows a centrifugal 
arterial supply of the compactum by medullary arteries alone. Although 
the periosteum is well filled, no centripetal arterialisation is discernible, 
so that the outer cortical zone appears devoid of blood vessels. Similar 
appearances are seen in transverse microradiographs of arterially 
injected tubular bone derived from the metacarpus of the hand of a man 
of seventy-six, amputated after radiotherapy. Figures 20 and 21, of the 
first and second metacarpals, show a medullary arterial supply of the 
ompactum. Vessels in the outer cortical zone derived from the 
periosteum are of the slenderest nature in these sections where soft 
issues remain in situ. It is to be borne in mind when assessing such 
idiographs that the thickness of the section and the slope of the 
eriosteal surface tend to give a false picture of vessels in the superficial 
one of the cortex which are actually vessels in the periosteum. 
Nevertheless, a distinct centripetal periosteal arterialisation of compact 
liaphysial cortex in any way similar to that found in ischaemic tibiae 
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secre Fic. 17 

The principal nutrient artery and its branches in the medulla of a tibia amputated 

rom a youth aged fifteen years with femoral sarcoma. The periosteum has been 
removed. Natural size. 
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Fic. 18 Fic. 19 
Figure 18—Cross-section of a tibia amputated because of pyarthrosis in Charcot’s knee (man aged fifty- 
nine years) showing numerous periosteo-rmedullary anastomoses. The cortex is supplied with arterial 
blood predominantly from the medulla. (Microradiograph, » 2.) Figure 19—Cross-section of a tibia 
removed from a man aged fifty-four years because of femoral sarcoma. The cortex has a solely medullary 
arterial supply. (Microradiograph, ~ 2.) 








Fic. 20 Fic. 21 


Figure 20—Cross-section of the first metacarpal bone from the hand of a man aged seventy-six years 
amputated for epithelioma. (Microradiograph, <7.) Figure 21—Cross-section of the second metacarpal 
bone from the same case as in Figure 20. (Microradiograph, 8.) 
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Fic. 22 
Longitudinal section of the tibia from the 
same case as shown in Figure 18 showing 
arterial periosteo-medullary anastomoses in 
the cortex lying obliquely to the vertical. 
(Microradiograph, 4.) 
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Fic. 23 
Coronal section through the medial malleolus of the 
tibia shown in Figure 18. Main epiphysial arteries 
anastomose and lie transversely, but their smaller 
branches are discrete. Note the loops between 
metaphysial arteries. (Microradiograph, ~ 3.) 


Fic. 24 
Sagittal section through the base of a proximal 
phalanx derived from the same case as in Figure 20. 
The main epiphysial arteries anastomose amongst 
themselves but their peripheral branches are discrete. 
(Microradiograph, ~ 8.) 
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Fic. 25 
Cross-section through severely ischaemic tibial bone cortex. Large 
vascular spaces are present, and many Haversian canals contain 
more than one blood vessel. (Haematoxylin and eosin, 27.) 





Fic. 26 Fic. 27 
Figure 26—Portion of an enlarged vascular space in severely ischaemic bone cortex. 


Three blood vessel 
with simple endothelial walls are shown, and a palisade of osteoblasts at the edge of the space. The bon 


lacunae are empty. (Haematoxylin and eosin, * 285.) Figure 27— Longitudinal section through the tibia 
cortex of a youth of fifteen years. The periosteal surface is to the left. Blood vessels generally cours: 
obliquely through the compactum. (Thionin and picric acid, * 42). 
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he. sot been found in the non-arteriosclerotic material examined so far. Microradiography 
igitudinal sections of non-arteriosclerotic tibiae show the oblique arrangement of blood 
is within compact bone (Fig. 22); in the superior metaphysis and throughout most of 
haft, cortical vessels point downwards and outwards, this arrangement giving way to the 
tionally opposite one in the inferior metaphysis. Cortical vessels seem to be arranged in 
ps, each arising as branches of a small medullary artery. When cross-sectional arteriographs 
‘xamined (Figs. 18 to 21) it is apparent that little or no anastomosis takes place between 
{| 2 vessels once they have become subendosteal, nor is there any noteworthy communication 
b yveen cortical vessels larger than a capillary within the compactum itself, suggesting that 
mall arterial terminals in the medulla supplying the cortex are end-arteries. 

Figures 23 and 24 demonstrate the relationship of epiphysial arterialisation to the overlying 
ular cartilage. The main epiphysial arteries form a transverse pattern in the spongiosa 
freely communicate with one another. Their vertical branches, however, comparable to 


oO 


s; Jl arteries in calibre and passing peripherally towards the articular cartilage sector-wise. 
s} w no free anastomosis, suggesting that the vascularisation of the juxta-articular zone is 


based on an end-arterial principle. 

tological observations—Cross-sections of the ischaemic tibia show that the compactum 
h:. undergone a considerable change. Apart from normal-looking osteones centred round 
\c.sels of capillary diameter, large vascular spaces are present containing two, and sometimes 
se.eral, blood vessels (Fig. 25). Generally these are endothelial tubes, but the larger vessels 
possess a thin adventitial coat of condensed fibrous tissue in addition. Single multinucleate 
cells and palisades of osteoblasts frequently occur at the boundary of enlarged blood spaces 
(Fig. 26), indicating the intense remodelling activity occurring within the compactum. 
Longitudinal sections show that cortical blood vessels generally retain an oblique disposition 

| are united by axia! branchings to form a cortical vascular mesh. 

Cross-sections of non-atherosclerotic tibiae give the well known appearances of a regular 
distribution of Haversian systems in compact bone, each centred round a vascular space. 
\!! the blood vessels in Haversian canals are simple endothelial tubes, one for each canal. 
Longitudinal sections reveal the characteristic obliquity of cortical blood vessels (Fig. 27). 


which intercommunicate by axial channels. 


DISCUSSION 


From the results of this investigation it may be concluded that the ischaemic cortex 
derives a diffuse arterial blood supply from both the medullary and periosteal circulations. 
Vascular spaces in the compactum are irregular in size and contain a variable number of blood 

ssels whose walls lack a muscular media and show a general tendency to be arranged in an 
oblique fashion. A central venous sinus is present in the tibia possessing radial transverse 
tributaries draining the medulla and inner two-thirds of compact bone. In the lowest third 
of the tibia this sinus breaks up into a spray of large-calibre sinusoids, many lying within the 
compact bone substance, which finally escape from the bone at its inferior extremity. Epiphyses 
e permeated by a diffuse mass of arterial channels freely communicating between themselves 
hich pass into the juxta-articular zone, and are in wide connection with the venous sinusoids 
the spongiosa. In fresh bone specimens in which peripheral occlusive vascular disease was 
t present, a significant centripetal arterial supply of the cortex from the surrounding soft 
ssues and periosteum is not in evidence, the arterial route for the supply of compact bone 
cing a centrifugal one through the medullary arterial! system. The vascular cortical scaffold 
made up of fine vessels overwhelmingly capillary in diameter and structurally simple 
idothelial tubes, one for each Haversian canal, which lie obliquely to the vertical and, in the 
bia, point downwards and outwards in the major portion of the shaft. Both in compact 
nd spongy bone the vascular patterns are discrete and suggestive of an end-arterial blood 
ipply. 
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Before the changes that tubular bone undergoes in ischaemia are discussed, it is necess ir | 
that the basis of present day views on cortical vascularisation be briefly examined. 

Albinus (1754) was the first to demonstrate that Haversian canals contain blood vess |s: 
this was not suspected by Havers (1691), who had previously observed the tubular struct ir 
of compact bone. Thereafter the concept of a periosteal, centripetal arterialisation of b ne 
cortex was universally adopted (Winslow 1776, Hunter 1772, Bichat 1812, Mascagni I$ |¢ 
Cooper 1823) and still remains with varying modifications the generally accepted opin 
(Testut and Latarjet 1948, Cunningham 1951, Braus 1954, Ham 1953, Gray 1954). 
chief and perhaps only piece of visual evidence in support of the classical doctrine is Lang 
much quoted paper (1876) wherein he described in detail how periosteal arteries and vc ns 
enter the cortex to participate with the medullary vascular system in the vascularisatio: 
compact bone. He insisted that at least two vessels, an artery and a vein, are the nor 
contents of a Haversian canal; that larger spaces often occur containing a leash of vessels: ; 
that sinusoidal spaces and stellate vascular figures (“* Gefiissstern ”) are commonly encounte: °d 
results which concur with the present observations on old ischaemic tibiae. It is remark: 
that Langer’s views on the normal vascular content of a Haversian canal are still accepte: 
some circles (Steinbach, Jergeson, Gilfillan and Petrakis 1957), when at least Sappey (1867 
Testut (1880), Weidenreich (1923), Marneffe (1951) and Ham (1953) agreed in describi: 
a single endothelial tube as typical for each canal in normal bone. The age and source 
of the material, tibiae in the main, used in Langer’s work on adult bone cortex are not 
given; his results correspond closely with the present findings in abnormal bone: i! 
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contended therefore that his views on cortical vascularisation are more appropriate to S 

pathology. 
Lexer (1922) emphasised the role of periosteal arteries in bone nutrition, although | he col 

well known radiological monograph of Lexer, Kuliga and Tiirk (1904) failed to show vascu a! S 


detail within compact bone, as Nussbaum (1923) pointed out. Caeiro and Mainetti (19 
in a radiographic investigation of diaphysial blood supply, found that the periosteal circulat 


is very scanty, and thick penetrating vessels from surrounding muscles were nowhere found 8 
Anseroff (1934), using the Spalteholz technique, concluded that in diaphysial bone periost.a ep 
arteries could be found only rarely and with difficulty. Recently the notion of a periosical 
arterial penetration of compact bone has been rejected on the results of microradiographic pre 
analysis by Brookes and Harrison (1957) in the case of the rabbit, and by Brookes (1958qa and /)) 
in the rat and human foetus, an opinion further supported by present findings in non-ischaeniic cor 
adult tubular bone. In these papers the literature will be found reviewed and reasons adduced Sys 
for envisaging a normal diaphysial blood flow which is centrifugal—that is, passing from the sini 
medullary arterial system outwards through the cortex into the periosteal and interfascicular exa 
capillaries of muscle. A cogent observation appended here is that of Lamas, Amado and bet 
da Costa (1946), who injected dyes intravitally and found that a weak colouration of the cortex cen 
appeared slowly, but never on the surface of the compactum. per 
The obliquity of Haversian canals has been noted previously by Koltze (1951), and by » ¢ 
Cohen and Harris (1958) examining small lengths of bone by serial histology. Brookes (1958 
while studying rat femora and tibiae as a whole, was able to show how cortical vascular 
obliquity is in opposing senses at either end of a long bone, the two regions meeting by abrupt 
directional changes. In the adult human tibia this change takes place at the inferior metaphysi 
which may well be a factor in delayed healing of fractures at this site, where a rich venous gan 
outflow would predispose to recurrent haematoma formation. It seems likely from tl! patt 
radiographic evidence that the normal arterial supply to cortical capillaries is mediated b \ itl 


medullary end-arteries. This conclusion is supported by the findings of Eletto (1933) an 
Rubaschewa and Priwes (1932), who remarked on the lack of anastomoses between branche 


0 
of the principal nutrient artery in the mdulla, and would help to explain the occurrenc s nu 
of irregular bone-cell necrosis in the cortex after intravascular injection of particulat 1. re 
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THE VASCULAR REACTION OF TUBULAR BONE TO ISCHAEMIA IN VASCULAR DISEASE 
aia ispensions (Bergmann 1927; Kistler 1934, 1935) or interruption of the principal nutrient 
rtery (Huggins and Wiege 1939; Bragdon, Foster and Sosman 1949). Epiphyses also seem 
sds: » contain discrete, circumscribed vascular zones with little functional overlap whose 

{ ire ystruction, either on the arterial or venous sides (Axhausen 1926, Burrows 1941) is a factor 

) one osteochondritis juvenilis. 

19 Against this background of normal bone vascularisation it is now possible to construe 
yn e principal changes which tubular bone undergoes in ischaemia. A discrete vascular pattern, 
he mposed of circumscribed regions possessing only a capillary continuity and fed by functional 

as d-arteries, becomes supplanted by diffuse vascular arrangements in compact and spongy 

€ ns me. In the limited material available the presence of diabetes could not be shown to 
0 gravate the vascular response of bone to diminished blood supply, nor is there a specific 
1a ibetic arterial lesion (Kelly, Dahlin and Janes 1958). Considerable bone resorption occurs 
ind Haversian spaces enlarge and come to include several blood vessels. Whether the remodelling 
red entirely due to osteoblasts and osteoclasts in the connective tissue surrounding cortical 
dle ssels, or whether physico-chemical changes in the tissue fluid, called into being by the 

C in i hhaemia, are also involved (Leriche and Policard 1928) is probiematical. The vascular 

67), r activity of ischaemic bone can, however, be correlated with the presence of increasing 

ding r imbers of empty bone lacunae in the compactum, first appearing in interstitial lamellae 

urce ( tiller 1926) and later involving those closer to Haversian vessels (Jaffe and Pomeranz 1934). 
ot | ie latter authors in their histological study of amputated arteriosclerotic limbs observed 

it is tat existing vessel canals enlarged, the cortex being eroded particularly from the periosteal 
to sile. Enlargement of vessels is confirmed by this investigation; and the absence of any that 


o structural grounds are definite arteries or veins suggests that the vascular scaffolding of 

ie compact bone should more properly be referred to as sinusoidal in character. Many of these 
ular sinusoids are no doubt derived from previously existing Haversian vessels. Some vascular 
) neogenesis nevertheless appears likely in advanced states of bone resorption in view of the 
tion lability of vascular endothelium generally. It is recalled that Volkmann’s original observation 
ind. (1863) on the new formation of vessels in compact bone, which has given rise to the erroneous 
teal eponym of normal communicating canals (Jaffe 1929), was made on a first metatarsal bone 


teal which he resected for chronic osteomyelitis. Here again it may be inferred that necrotic bone 

phic provided the stimulus for vascular neogenesis. 

dh) It is probable that a drastic reversal of blood flow takes place within ischaemic diaphysial 

mic cortex so that a major portion of the percolating blood drains into the medullary venous 

iced system. This is evinced by the venography of the ischaemic tibia in which the central venous 

the sinus has large cortical tributaries, such as have not been observed in the normal material 

ular examined by Brookes and Harrison (1957), who have demonstrated only a capillary connection 

and between cortex and medulla. Taken as a whole, the radiographic evidence indicates that a 

riex centripetal periosteal arterialisation of compact bone assumes increasing importance as 
peripheral ischaemia progresses, and constitutes a striking vascular response of tubular bone 

| by to curtailment of its normal blood supply. 

Ror) 

1 

— SUMMARY 

‘SI Twenty-five lower limbs, amputated above the knee for senile atherosclerosis with peripheral 

ous gangrene, have been investigated radiologically and histologically to determine the vascular 

tl yatterns in ischaemic bone with particular reference to the tibia. These have been contrasted 

b \ ith the patterns found in non-atherosclerotic tubular bone. 

an The principal changes are the development of a diffuse vascularisation of compact and 

he »ongy bone; a widening of Haversian spaces which come to contain a variable number of 

nc s nusoidal blood vessels; and an increasing periosteal participation in cortical nutrition which 

ati 1. related to the severity and chronicity of the ischaemic process. 
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3. Views on the normal blood supply of long bones are discussed, and evidence is prese 
for regarding this as discrete and end-arterial in nature; in particular it is suggested that he 
normal cortex has a wholly medullary, centrifugal, arterial supply. 


It is a pleasure to record the advice and support I have received from Professor R. G. Harrison durin 
three years it has taken to complete this investigation. My thanks are also due to Mr H. Cowle and \ 
Taunton for their help in the preparation of specimens, and to Mr L. G. Cooper for his expert assistance 
the photography. I am indebted to Professor C. A. Wells, Mr A. C. Brewer, Mr C. R. Helsby, Mr 
Hughes, Mr J. Moroney, Mr J. B. Oldham, Mr G. V. Osborne, Mr H. Reid and Mr E. N. Wardle, who pro 
me with the material on which this research is based, and also to the Sir Halley Stewart Trust for its fina 
support. 
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ACTIVATION OF OSTEOGENESIS BY THE ‘ PETAL”? TECHNIQU! 


An Experimental Study* 


Léo JARRY and HANS K. UHTHOFF, MONTREAL, CANADA 


From the Orthopaedic Department, Verdun General Hospital, Montreal, and 
the Department of Physiology, University of Montreal 


In treating patients with delayed union or nonunion we have to consider the two 
important points: 1) reduction, contact, and fixation of fragments; 2) addition o 
osteogenetic factor. The first is usually easy to do; the second presents a difficult tas 
witnessed by the many publications dealing with stimulation of osteogenesis. 

Most workers hold that the osteogenetic factor is effectively supplied in the for: « 
fresh autogenous cancellous bone chips. Others prefer an autogenous compact bone transp u 
or bone, either homogenous or heterogenous, from the bank. Kiintscher (1954) used c. llus 
which he obtained by chemical irritation of another bone of the same patient. Once the 
nature of the transplant is decided the technique must be chosen. Onlay and inlay giafis 
are in current use. The numerous methods and their inconsistent results demonstrate ck 
that osteogenesis is not always satisfactorily obtained. 

Kirschner (1926) described a method of bone splitting, and Balthasar (1952) repo ted 
very good results in treating pseudarthrosis with this technique. The good resuits of fu: ior 
operations of the spine using the ** Hibbs technique ” (1924) clearly prove the osteogen etic 

value of this method, but it was never studied 
in the treatment of pseudarthrosis. Bone 
drilling. as recommended by Beck (1931) 
is rarely used. The local injection o! 
osteogenetic substances has not found muc! 
clinical acceptance. Hedri (1931) reportec 
good results with “* Ossocol,”’ a bone glue 
He knitted fractures and pseudarthroses 
either in the course of an open reduction 0 
by injecting the diluted glue between the 
fragments. Since there are no other reports 
in the literature we presume that this 
I substance did not withstand further clinica 
Wooden model of tibia illustrating * petal technique. —_ investigation. It seems that plastic adhesives 
Its advantages include thinning of cortex, increase of , ‘ 
fracture surface and of contact area with surrounding (Bloch 1958) have no osteogenetic activity 
soft tissue. According to clinical observations oblique 
and comminuted fractures lead less often t 
nonunion than transverse ones. We therefore thought that an increase of the surface area o! 
the fracture and an increase of the contact area of the fragments with the surrounding sof 
tissue (Cretin 1940) should favourably influence osteogenesis. We therefore developed ‘he 
** petal ” technique (Fig. 1). The term * petal *’ describes a piece of bone cut from the corte\ 
in such a manner as to leave its base attached to the bone in question. In our experiments 
we applied the * petal ” technique only to the antero-medial and antero-lateral aspects o! 
the tibia because its application to the posterior aspect causes too much tissue dama ze 
In clinical cases we cut the “ petals * on only one-half to two-thirds of the circumference o! 
the bone. In general we produced eight ** petals ’’ on each side near the fracture site. 


* Parts of this paper were presented at the twelfth and thirteenth Annual Meetings of the Canadian Orthopa« dic 
Association. 
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RESULTS IN EXPERIMENTAL TRANSVERSE FRACTURES IN RATS 
order to observe the influence of the * petals’ on post-traumatic osteogenesis we 
| ced identical transverse fractures of both tibiae of rats with a scalpel. Rats aged from 
to twelve months and weighing 350 to 400 grammes were used. The “ petal ” technique 
yplied to one side, alternating right and left, so that the animal served as its own control. 
bilisation of both tibiae was achieved by intramedullary wire fixation. The details of 
‘chnique are published elsewhere (Jarry and Uhthoff 1958). The rats were killed 
tively on the twelfth, twentieth, thirtieth and fortieth day after operation. Each tibia 
was Xxamined radiologically, mechanically and histologically. The assessment of the results 


was ased on experiments on 278 rats. 


proc 
eleve 
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[mn 
this 
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Fic, 2 
Group 71, rat 2; and Group 72, rat 1. Two examples of the radiological results. The rats were killed 
thirty-six days after operation and five days after removal of the intramedullary wire. The tibia on 
the left of each pair was treated by the “ petal * technique and shows solid union. The conventional 
treatment produced an exuberant callus of poor quality. 


adiological examinations—Twelve days after the operation the thinning of the cortex on the 
etal” side is evident and the callus exhibits a noticeable continuity. After twenty days. 
! more so after thirty, the fracture gap is less visible on the “ petal ” side and the callus is 
voluminous, denser, and more firmly anchored to the cortex. After forty days the superiority 
he * petal” side is still more striking. The union is solid, and reshaping of bone takes 
ce. Two examples in which the intramedullary wire was removed thirty-one days after 
‘ration and the animal killed five days later are shown in Figure 2. The tibiae on which 
petal” technique was performed are on the left side. The better quality of the callus 
he fracture treated by the ** petal’ method is obvious. 
chanical tests—We determined the strength of the union by two different tests, the weight- 
ring test (biomechanical control) and the stability test (purely mechanical examination). 
first was carried out thirty-one to thirty-six days after operation when we removed the 
amedullary Kirschner wire from both tibiae. During the next five to fifteen days the healing 
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fractures were subjected to weight bearing and the hind legs were watched for possible ben 
at the fracture site. We made the following observations: 

1) In none of the cases was the tibia treated by the “ petal ’ 
concomitant bending of the control side. 

2) In fourteen cases there was bending of the tibia on the control side without ben: ine 
on the treated side. 

3) Both tibiae were bent in three cases. 

4) Both tibiae remained straight in fourteen cases. 

Stability tests were carried out in order to determine the strength of the union. A te 
taking radiographs of the dissected tibia, we placed it across two metal bars and exerte | 4 
continually increasing force at the fracture site. The weight necessary to break the union yas 
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Strength of the union was determined mechanically and the figures obtained 
were assessed statistically. This graphic demonstration based on 116 animals ] 


indicates the mechanical superiority of the * petal ” technique. 





determined in grammes. The data thus obtained were analysed statistically* and the results 
were as follows: After twelve or even twenty days the results of two procedures show no 
significant difference. After thirty days the * petal ’’ technique begins to exhibit better results ( 
than the control technique. After forty days there is a marked difference in favour of the 
** petal ” technique. 

The mean difference (Fig. 3) between “ petal” technique and conventional procedure 
lies above the curve of the minimum mean difference with 90 per cent probability. 

Further evidence of the effect of cutting * petals ’’ on the speed of bony union is shown 
in Figures 4 to 6. Figure 4 shows the state thirty-four days after an operation, just before the 
extraction of the Kirschner wire. The superior quality of the callus on the left (** petal ”) 
side is obvious. Figure 5 shows how far the healing of the fracture is advanced on ‘hie 
** petal ’’ side fifty-one days after operation. After refracture in stability tests photogray '1s 
of the fracture surfaces were taken (Fig. 6). The favourable influence of the “ petals” > 


. 


* The statistical analysis was done by Dr J. St Pierre, Center of Statistics, University of Montreal. 
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llus production, bone resorption and revitalisation is evident, whereas on the control side 

e cortex has changed very little. 

‘esults of histological studies—When examining the tibiae of animals killed twelve and 
enty days after operation one is impressed by the osteogenetic activity of the ‘ petals.” 
1e formation of osteoid tissue is abundant and signs of revitalisation are more obvious on 

‘petal’ side. After thirty days the conventionally treated fracture still shows large areas 
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iroup 66, rat 1. Figure 4—Thirty-four days after Patel the right side was treated by the “ petal *’ method. 

mobilisation was ‘always achieved by an intramedullary Kirschner wire. Figure 5—Same rat fifty-one days 

ter fracture and eighteen days after removal of the intramedullary wire. The right (* petal *’) side (/eft in Figure) 

ows solid callus with excellent revitalisation of the cortex. Figure 6 Photographs of the surfaces after 

relracture. On the * petal” side the cortex is almost completely resorbed. On the control side the cortex has 
scarcely changed and the callus is of poor quality. 


‘cartilaginous tissue and only a small number of living cells in the Haversian canals. When 

* petal” technique is used the bone shows at this time a large osseous callus adhering 
mly to the cortex. Forty days after operation the uniting callus of the control tibia (Fig. 7) 
still fibrocartilaginous and therefore of poor quality. In neither fragment does the compact 
yne show evidence of revascularisation. In the tibiae treated by the * petal ” technique, of 
uich Figures 8 and 9 show examples, the uniting callus is solid. The processes of resorption 
d revascularisation are markedly advanced. 
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Fic. 7 
Group 65, rat 2. Histological result of the control technique forty days after operation. 
The uniting callus is of poor quality and the compact bone is not yet revitalised. (~ 120.) 





Fic. 8 Fic. 9 
Figure 8—Group 41, rat 1. Microphotograph ( x 60) showing the favourable influence of * petals * (arrow) « 
anchorage of periosteal callus and revascularisation of the cortex. Figure 9—Group 70, rat 3. Histologic 
result of the * petal ’’ technique forty days after operation. The uniting callus is osseous and the compa 
bone is in the state of revitalisation and resorption. ( 80.) 
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RESULTS IN EXPERIMENTAL PSEUDARTHROSIS 


rhe outcome of our first experimental study proved clearly the osteogenetic value of 
als." We therefore started a second investigation to study the effect of the * petal ” 
lique in the treatment of pseudarthrosis compared to the effect of a fresh autogenous 
transplant. 
(gain, we used rats which had been operated upon before to create a pseudarthrosis. 
nical details of this study are published elsewhere (Jarry and Uhthoff 1958). This task 
rather difficult, and only after a combined interposition of a metal disc and a tendon 
een the fragments were we able regularly to produce pseudarthrosis. A preliminary 
riment indicated that fractures treated by this combined interposition which did not 
’ osseous union after forty days did not show any marked improvement after eighty days. 





Fic. 10 


Fics. 10 To 12 
iroup 8, rat 5. Figure 10—Radiograph of a forty- 


interposition of a metal disc and a tendon. 
gure | !—Same animal immediately after removal 
the metal disc and fibula. The right side was 
eated by * petals,”’ the left side by a transplant. 
he fibrous tissue was not removed in either case 
seen by the persistence of the gap. Figure 12 
ime animal. Radiograph forty days after 
eration for treatment of pseudarthroses. The 
tramedullary wire was removed eight days before. 
ie union is solid on the right (“* petal *’) side. 
The left tibia has bent under weight bearing. 





Fic. 12 


\ refore, sixty-nine animals were subjected to a second operation forty days after the first. 


metal disc was removed without taking away any fibrous tissue and the fibula was resected. 
‘esh autogenous inlay transplant, using a quarter section of the fibula with the covering 
osteum, was applied to one side, and the “ petal * technique was performed on the other 
Immobilisation was achieved as before. Thirty days after this second operation the 
schner wires were extracted and ten days later the animals were killed. During this time 
watched the hind legs for possible bending at the fracture site under weight bearing. After 
rats were killed the tibiae were dissected and examined radiologically, mechanically and 
ologically. 
liological examinations—A radiological follow-up of one rat is given in Figures 10 to 12. 
first radiograph (Fig. 10) shows both tibiae forty days after the combined interposition. 
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At that stage the metal discs were removed, the fibulae resected, and the “ petals” ap ‘ied 
to the left and the transplant to the right side. The radiograph taken directly ‘ter 
this operation (Fig. 11) demonstrates clearly the persistence of the fracture gap be: use 
of fibrous tissue between the fragments. The final result, forty days after the se nd 
operation, is shown in Figure 12. The difference in the healing processes is quite obv us. 
Another example, shown in Figure 13, demonstrates the superiority of the “pe. s” 
over the transplants. Forty days after the operative treatment of the pseudarthrosi the 
** petal’ side exhibits a strong union of the fragments. The poor quality of the t ion 
on the transplant side is evident. One tibia ven 
shows a bending defect at the fracture site t der 
weight bearing. 
Mechanical tests—After the extraction of 
Kirschner wire thirty days after the oper 
treatment of the pseudarthrosis, we observed 
under weight bearing: twenty-one rats show | ; 
bending of the tibia treated by a transp int: 
three rats showed a bending of the tibia tr ited 
by “petals ”’; twelve rats showed bendin: of 
both tibiae. The remaining thirty-three rats w ose 
tibiae did not show any bending at the frac ure 
site were subjected to the stability test. The n ean 
breaking load for the “ petal” side was 3.003 
grammes, whereas on the transplant side a \.lue 
of 2,916 grammes was obtained. For a proper 
assessment of the mecharical results, both the 
tendency to bend with weight bearing and _ the 
differences in breaking loads should be taken 
into account. 
Pseudarthroses in which we removed onl 
the metal disc and the fibula—that is, which 
did not undergo a second osseous trauma such 
as application of transplants or “ petals 
Fic. 13 showed a considerably weaker union. The mean 
Group 8, rat 1; and Group 10, rat 5. Another breaking load was found to be 1,886 grammes 
example of pseudarthrosis treated by “ petals” Radiologically the fracture gap persisted, the 
on) ane Sa on ee bridging callus was of poor quality, and the 
periosteum (right). ging Pp q ; 
cortices exhibited no sign of revitalisation. A 
photomicrograph of such an untreated pseudarthrosis (Fig. 14) illustrates the absence 
of the uniting callus. 
Histological studies—The quality of the uniting callus and the condition of the cortex of 
both fragments was our criterion for judging the results of the three methods. The untreated 
pseudarthrosis (Fig. 14) is marked by the absence of uniting callus and even of uniting tissue. 
There is a very poor revitalisation of the cortices. The uniting tissue of a pseudarthrosis 
treated by a transplant is fibrous (Fig. 15). The cortex of one fragment showed an intim.ite 
contact with this tissue, whereas the other did not exhibit any sign of revitalisation. Examination 
of Figure 16, representing a pseudarthrosis in another rat treated by the * petal ”’ technique 
reveals a surprising difference. Large nests of osteoblasts are grouped on both sides 0! a 
narrow zone of cartilaginous tissue, indicating a process of endochondral bone formati: n. 
Resorption and revitalisation of both cortices has taken place. It is interesting to comp: re 
the osteogenetic effect of a * petal” with that of a transplant. Figure 17 shows a “ peta ~ 
surrounded by osteoid tissue which adheres firmly to the bone. The dead tissue of a fri sh 


THE JOURNAL OF BONE AND JOINT SURG) ¢Y 





ure 
ean 
03 
ilue 
proper 
oth the 
ind the 
> taken 


2d only 
which 
na such 
tals © 
ie mean 
‘ammes. 
ed, the 
nd_ the 
on. A 


absence 


yrtex of 


itreated 
z tissue. 
rthri 
ntimiite 
linal! 
hnigite. 
les O 
matic 
omp 
peta ~ 
a fresh 


SURG) °Y 


ACTIVATION OF OSTEOGENESIS BY THE “* PETAL’ TECHNIQUE 133 


autos “nous transplant in another rat (Fig. 18) is enclosed by fibrous tissue with relatively 
little »steogenetic activity. 


CLINICAL IMPRESSIONS 
1 the last few years we have treated all our patients with pseudarthroses by the * petal ” 
que. The number of cases does not permit a conclusion, but we have the impression 
he “ petal” technique is at least as effective as the commonly employed procedures. 
impler in its execution and there is no need for a second incision to obtain a transplant. 
‘xamples of our clinical results are given in Figures 19 to 22. 


DISCUSSION 


) A method is described for the treatment of pseudarthrosis without the use of transplants. 
’) This so-called ** petal *’ technique is simpler in its execution than the conventional 


Fic. 14 
Group 21, rat4. Microphotograph ( « 60) of an experimentally produced 
pseudarthrosis forty days after removal of the metal disc treated neither 
by transplant nor “ petals.” 


methods. There is no need for a second incision in order to obtain a transplant nor the necessity 
of using bone from the bank. 

3) We have proved by radiological, biomechanical and mechanical tests on the tibiae of 
rats that the density and the stability of the union is more pronounced on the * petal ” side 
as compared to the transplant side. Although the healing time does not seem to be shortened, 
the chances of healing are better with the * petal” technique than with transplantation. 
Th's is despite the fact that the latter makes use of a fresh autogenous inlay transplant with 
the covering periosteum, which results in a better immobilisation by preventing rotation of 
th fragments. 

4) Microscopical examinaions of the tibiae of rats confirm these tests. The cortex on 
th ** petal * side has changed impressively through resorption and revitalisation. In addition, 
th uniting callus is more advanced and is characterised by an early substitution of the 
fit ocartilaginous tissue by osteoid and osseous callus. This, in our opinion, is an important 
cc nparative criterion. 

5) Considering the foregoing, we believe that a transplant is not necessary for the 
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successful treatment of pseudarthroses if no loss of bony substance has occurred. The cut ing 
of ** petals,’ which represents a directed trauma, is a specific osteogenetic factor, even i its 
physiological mechanism remains obscure. We have to reconsider the conventional b: lie/ 
in the osteogenetic activity of transplants (Ray 1956, Siffert 1955). In our opinion this js 
simply due to the reaction caused by the trauma of the preparation of the bed for the g aii 
(Danis 1957, Cohen and Lacroix 1955). According to Kiintscher (1953) the formatio: oj 
callus is a response to an inflammation which may be of mechanical, chemical, thermal, tox ¢ 


Fic. 15 Fic. 16 
Figure 15—Group 13, rat 2. Uniting tissue of pseudarthrosis forty days after application of transplant. Arro\ 
showing poorly revitalised cortex. ( 40.) Figure 16—Group 19, rat 1. Uniting callus of pseudarthrosis forts 
days after ** petal * technique. Abundant osteoid tissue with nests of osteoblasts demonstrating the osteogeneti 
activity of ** petals.” ( 50.) 


Fic. 18 


Figure 17—Group 51, rat 3. ‘ Petal” surrounded by osteoid tissue which adheres firmly to the bone. 
( 240.) Figure 18—Group 14, rat 1. Dead tissue of a fresh autogenous transplant (A) forty days after 
operation enclosed by fibrous tissue (B) with very little osteogenetic activity. (< 120.) 


or infective origin. Therefore, the osteogenetic activity of ** petals * and, in a limited amount. 
that of a graft bed, would be due to an inflammation of mechanical origin. Our experiences 
with the ‘petal’ technique lead us to doubt the osteogenetic activity of transplants because 
we were able to obtain union without the use of the latter. Furthermore, the classical studies 
concerning the viability and tolerance of different transplants have never proved that tie 
transplants act as direct stimuli to reconstructive osteogenesis, and for this reason they mvs! 
be considered of hypothetical value. 
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When the two methods are compared it is quite obvious that both have one factor in 
non, namely osseous trauma. This is created either when preparing the bed for the graft 
1en cutting the ** petals.”’ It is difficult to assess the extent of bone trauma in mathematical 
or uantitative terms, but, since the results of the * petal *” technique have proved superior, 


Fic. 19 Fic. 20 
Case 1. Figure 19—Patient aged seventy-eight years. Pseudarthrosis left tibia. Figure 20—Nine months 
after operative treatment by “ petals.” 


Fic. 21 Fic. 22 
Case 2. Figure 21—Patient aged twenty-four years. Pseudarthrosis left humerus. Figure 22 


months after treatment by “ petal * technique, the intramedullary nail having been removed. 


v = consider our method to be superior. We therefore conclude that the * petals * favourably 
! fluence osteogenesis. Indeed, by producing multiple * petals ** we reduce the thickness of 
| e cortex and at the same time increase the surface area of contact. The formation of new 
| ood vessels greatly facilitates resorption and revitalisation. In this manner the effects of the 
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second trauma are not exhausted in the fibrous tissue surrounding the cortex which is of e 
necrotic and difficult to resorb, and for that reason the fragments unite more rapidly. 
Finally, we should like to add that our term “ directed trauma ” does not describe ¢ 1) 
an osseous trauma, such as the drill holes advocated by Beck (1931) or the bone splittins a 
first practised by Kirschner (1926). Our term includes a method of thinning the cortex b 
means of numerous “ petals ’’ which remain attached to the bone. This facilitates vasci la 
intrusion and induces a series of reactions responsible for the formation of the callus. 


SUMMARY 

This paper describes a procedure of activating osteogenesis by the use of the * pet: |’ 
technique. The osteogenetic effect of these “* petals” has been established in experiment. | 
produced fractures and pseudarthroses in rats by radiographical, biomechanical, mechan ¢ 
and histological examinations. 

The conventional concept of the osteogenetic activity of bone transplants is discussed 

The authors feel that this method will find its clinical application in the opera iy 
treatment of pseudarthroses and, in selected cases, of fractures that are known for tle 
tendency to unite slowly. 


Figures 4, 15, 16, 17, 18 are published with the permission of Revue Canadienne de Biologie. 
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CALCIFICATION IN VITRO AND PHOSPHATASE ACTIVITY* 


MARTIN BURGER and ALBERT E. SOBEL, BROOKLYN, NEW YORK 


From the Department of Biochemistry, The Jewish Hospital of Brooklyn, New York 


Recent work by Henrichsen (1956, 1958) has revived interest in the role of alkaline 
; osphatase in the calcification process. From studies of osteoblasts, heart fibroblasts and 
i -erculous lymph node cells in tissue culture, Henrichsen concluded that alkaline phosphatase 
i ide a living cell did not produce calcification, but that on degeneration and death of the 
« . the enzyme was liberated and initial calcification appeared. This was followed by the 
« appearance of the enzyme from the cell, with an increase in calcification which spread 
© iside the limits of the cell into the tissue culture medium. 

The phosphatase theory of calcification as proposed by Robison (1923) has been 
s..1ously questioned (Sobel 1950, Neuman and Neuman 1958), and other roles have been 
igned to the enzyme. From histochemical and chemical studies, alkaline phosphatase has 
en reported to be involved in the formation of fibrous protein (McKelvie and Mann 1948, 
Bradfield 1950, Pritchard 1952), in the elaboration of the pre-osseous matrix of bone (Siffert 
451, Bourne 1956), in the formation of mucopolysaccharide (Moog and Wenger 1952, 
Kroon 1952, Pritchard 1952), in the transphosphorylation of some phosphate acceptor in the 
matrix (Gutman and Yu 1950, Cartier and Picard 1955), in the resorption of bone by mediating 
the synthesis of phosphoric esters (McLean and Urist 1955) and in the removal of organic 
phosphates that poison bone crystal growth (Neuman, DiStefano and Mulryan 1951). 

Because of Henrichsen’s stimulating findings, we decided to explore the relationship that 
may exist between calcification in vitro and phosphatase activity. Our previous studies, using 
an in vitro calcification technique, showed that freezing (Lavine, Burger and Sobel 1957) or 
heating (Sobel and Hanok 1952) slices of tibia from rachitic rats inactivated the calcifying 
mechanism in pre-osseous cartilage and that it could be reactivated after appropriate treatment 
with calcium chloride. 

Since phosphatase activity appeared undiminished in the frozen bone slices, we were 
particularly interested to determine whether there would be calcification in vitro when employing 
organic phosphate in contrast to inorganic phosphate. 


= 


EXPERIMENTAL METHOD 
Weaned Wistar strain rats were maintained on a rachitogenic diet (Lavine, Burger and 
Sobel 1957) for three to four weeks and weighed daily; animals losing weight were discarded 
(Sobel, Samachson and Nobel 1958). Animals were killed by chloroform asphyxiation and 
the tibiae were excised and freed of all soft tissue. The proximal ends were sliced longitudinally 
by hand, in a frontal plane, into sections approximately one millimetre in thickness. A section 
om each animal was immediately tested by the silver line test to determine the presence of 
ealing of the rickets. If the slightest trace of healing was observed the bone from the animal 
as discarded. 
Six rachitic tibial slices from the right legs of three animals were immediately subjected 
) calcification in vitro by incubation for eighteen hours at 37 degrees centigrade in inorganic 
nd organic phosphate containing calcifying media. Six slices from the left legs of the same 
nimals were placed in a deep freeze chest at —25 degrees centigrade for two weeks, thawed 


This paper was presented before the Fourth International Congress of Biochemistry, Vienna, Austria, in 
eptember 1958. 
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to room temperature (24-26 degrees centigrade) and then calcified in vitro in similar calcify ne 
media. Both media contained a basal salt solution (Lavine, Burger and Sobel 1957) to wl ch 
were added 5 milligrams per cent of P as either the inorganic or the organic phosphate. — 0, 
the latter, disodium phenyl phosphate was used. The pH was lowered to about 6 wit 
stream of carbon dioxide, and calcium chloride solution was added to produce a 10 milligrz 1s 
per cent solution of Ca" in the final solution. Thus a CaP product of 50 was obtain :d 
The pH was adjusted to 7-3 by bubbling nitrogen gas through the solution. The degree oj 
calcification in the provisional zone of the epiphysial cartilage was determined by the sil 
line test (Sobel 1950, Sobel and Hanok 1952). In addition, a sample of each of the orga iic 
phosphate containing calcifying media was analysed for orthophosphate (Fiske and Subbar py 
1925) after the incubation period. 

The alkaline phosphatase determinations were performed on the excised proxi x: 
portions of the pre-osseous epiphysial tissue of the tibiae of three rachitic rats. The tis: ue 
was isolated by first paring away the outermost layers of cells and carefully lifting off the articu ai 
cartilage together with the bony epiphysial trabeculae. The pre-osseous tissue was then lif ed 
out with a fine-pointed dissecting forceps. The tissue from the right legs was immediat | 
homogenised in a Pyrex glass tissue homogeniser using 10 millilitres of ice-cold, ster le. 
isotonic sodium chloride as the diluent. Similarly, after two weeks in the deep freeze the tis: ue 
from the left legs was homogenised. Alkaline phosphatase activity was measured using 
p-nitrophenyl phosphate as the substrate (Goldenberg and Sobel 1951, Goldenberg 1954) 
The incubation time was twenty minutes at 37 degrees centigrade. The percentage hydroly sis 
of the substrate was converted to Bodansky units. The results are expressed in Table | as 
Bodansky units of alkaline phosphatase per proximal end of tibial pre-osseous cartilage. 


S 


RESULTS 

As shown in Table I, the deep frozen pre-osseous tissue retained alkaline phosphatase 
activity even after two weeks of storage at —25 degrees centigrade. The enzyme activity of 
this tissue was 16-8 Bodansky units per proximal tibia. The fresh tissue from the same animals 
contained a mean of 23-3 Bodansky units per proximal tibia. However, the calcifying mechanism 
of the deep-freeze stored tissues was inactivated and did not calcify in vitro either in the 
medium containing inorganic phosphate or in the medium containing organic phosphate. 
The fresh, control tissue calcified to practically the same extent in both media. These values 
are the average values for pre-osseous tissue from the proximal end of the tibia. 

In the third column of the Table it may be seen that the organic ester phosphate in the 
calcifying medium that contained the deep frozen slices was hydrolysed during incubation for 
eighteen hours at 37 degrees centigrade, to practically the same extent as the ester phosphate 
in the medium that contained the fresh control slices; yet there were marked differences in the 
degree of calcification in vitro. Chemical analysis of the medium containing organic ester 
phosphate with the deep frozen slices showed 2-39 milligrams per cent of P as orthophosphate 
while the medium with the fresh slices showed 2-52 milligrams per cent of P as orthophosphate 
after incubation. Before incubation and in the absence of slices the solution showed 0-02 
milligrams per cent of P as orthophosphate, while after incubation (in the absence of slices) the 
orthophosphate P content was 0-08 milligrams per cent. These values represent the mean values 
of three separate determinations done in duplicate. 


DISCUSSION 
Tissue slices of rachitic tibiae after deep-freeze storage hydrolysed the same amount o 
organic ester phosphate as the fresh slices from the same animals; yet calcification, which wa 
absent in the deep-freeze stored slices, was present in the fresh, control slices. Also, the lowerin 
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he alkaline phosphatase activity from 23-3 Bodansky units in fresh pre-osseous tissue to 
Bodansky units in deep-freeze stored tissue would not explain the disappearance of the 
ty to calcify on the basis of loss of the phosphatase activity. 

It is evident that slices of rachitic tibia after deep-freeze storage hydrolysed organic 

sphate to the same degree as did fresh slices (Table 1). Nevertheless, no evidence of 


TABLE I 


EFFECT OF DEEP FREEZING ON ALKALINE PHOSPHATASE AND ON /n Vitro CALCIFICATION OF 
PRE-OSSEOUS RACHITIC TIBIAL CARTILAGE 





Degree of in vitro calcification* Milligrams per cent Alkali 
in solutions containing 10 inorganic P in supernate a 
be 2 weer: a phosphatase, 
milligrams per cent Catt and: __ of in vitro calcifying Solendey 
Treatment medium containing venga 
5 milligrams 5 milligrams only organic P initially, me eal 
per cent per cent after 18 hours at epip’ a a 
inorganic P organic P 37 degrees centigrade cartilage 
average average average average 
Deep freezing for 2 weeks 
at —25 degrees centigrade 0 (0) 0 (0) 2-39* 16°8 
Fresh controls . . , 1-4 (tttr) 1-4 (tttr) 2°52t 23°3 








e degree of in vitro calcification was evaluated as indicated by Sobel and Hanok (1952). 

The organic P containing calcifying medium before incubation (without rachitic slices) contained 0-02 
milligrams per cent P as orthophosphate. The same solution after incubation for 18 hours at 37 degrees 
centigrade contained 0-08 milligrams per cent P as orthophosphate. 


calcification appeared in the slices that were frozen in contrast to the fresh, control slices 
It is apparent that when the calcifying matrix is inactivated, the existence of phosphatase 
activity per se does not cause mineralisation. The determination of alkaline phosphatase in 
the cartilage extract shows somewhat lower values after deep freezing. But this difference 
does not explain the loss of the ability to calcify on the basis of the loss of phosphatase activity. 
Robison and Rosenheim (1934) showed that slices heated for ten minutes at 60 degrees 
centigrade completely lost their alkaline phosphatase activity. However, the ability of heated 
slices to calcify could be restored to some extent with calcium ions (Table II). 


TABLE II 


INFLUENCE OF HEATING AT 65 DEGREES CENTIGRADE FOR THIRTY MINUTES ON CALCIFICATION Jn Vitro 





| Degree of calcification 
| Treatment in vitro: 
(Ca « P=60) 


| Tibial slices heated 30 minutes : : ; ; ‘ : ‘ 0 (0) 

| Tibial slices heated 30 minutes, shaken | hour in 150 m.eq. 1 of CaCl, 1-0 (tt) 
Tibial slices heated 30 minutes, shaken | hour in 300 m.eq. 1 of CaCl, 2:0 (ttt) 
| Unheated control slices . : : . ; : : ; : 1-5 (tttt) 








From these observations it appears unlikely that a relationship exists between alkaline 
ph« sphatase and the minimal mechanism responsible for in vitro calcification of rachitic rat 
libi | cartilage. Yet one must keep an open mind, in view of Henrichsen’s (1956, 1958) 
stir ulating findings, for the role that it may have in vivo. 
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In another study (Lavine, Burger and Sobel 1957) it was reported that metachrom tic 


activity and the ability of pre-osseous tissue to calcify disappeared after deep-freeze stor ge 
of tibial slices. However, treatment of such slices with calcium chloride either before or a te 
deep-freeze storage produced both positive metachromasy and the ability to calcify. Fi »m 
these observations it appears that deep-freeze treatment may either derange or strip calc wm 
from the calcifiable matrix. The addition of calcium after deep-freeze storage may res! ir 


or in some way rearrange the calcifiable molecules, and treatment with calcium be 
deep-freeze storage may prevent the derangement. 

Whether the molecules whose metachromasy is inactivated by deep-freeze storage . x 
reactivated by calcium treatment are identical with the molecules whose ability to calcif 
inactivated by deep freeze and reactivated by Ca treatment requires further investigation. 


SUMMARY 


The alkaline phosphatase activity of pre-osseous tibial cartilage of rachitic bone sto ‘ed 
in the deep freeze for two weeks at —25 degrees centigrade was only slightly less than t iat 
of fresh controls from the same animals. The deep frozen pre-osseous tissue did not calif 
in in vitro calcifying media containing either inorganic phosphorus or organic phosphate es er 
The fresh controls calcified equally well in both media. In addition, after deep-freeze stor ge 
the tissue hydrolysed the organic phosphate to the same degree as did the fresh tissue. 

Bones heated at 65 degrees centigrade will calcify in vitro after calcium chloride treatment 
despite the destruction of phosphatase activity. 

It appears unlikely that a relationship exists between alkaline phosphatase and ‘he 
minimal system required for calcification of pre-osseous cartilage in vitro. These findings do 
not exclude the possibility that alkaline phosphatase plays some critical role in vivo. 


These studies were supported by the Office of Naval Research, the U.S. Air Force School of Aviation Medicine 
and the National Institute of Dental Research of the United States. 
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I. Changes in the Knees in Ankylosing Spondylitis or Reiter’s Syndrome 
CAMPBELL GOLDING, LONDON, ENGLAND 


In the radiological museum of the Institute of Orthopaedics, London and Stanmo:: 
there are the films of approximately 10,000 cases of general interest, of which about h 
concern bones and joints. This film library was established with the object of helping 
student. It contains examples of most of the orthopaedic abnormalities; in addition sor 
peculiar or instructive films have been added during the last twenty years. 

In this film library a separate collection is made of radiographs that cannot be diagnose 
in the hope that in future years a similar case may provide a solution, or that some advan 
will be made which may solve the problem. It is proposed that a few of these films should 
reported briefly in future issues of the Journal, because they portray some aspect of a disea, 
which is important, or because some lesson has been learnt which may be useful to others. 
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CASE 1 
In January 1953 a man aged twenty-seven years complained of pain in the knee. Ek 
had had a similar attack nine months before. He was radiographed at that time, but t 





Fic. | 
Coarse spiculation of the cortex of the lateral margin of the tibia resembling to some extent a sarcoma. 


report was not known. The recent film showed coarse spiculation of the lateral margin 
the tibia (Fig. 1), and the oblique projection showed that the proximal joint was intact. 

It was known that a similar lesion had been observed in another patient in 1940. Tle I an 
films had been stored but a diagnosis had not been made; the patient was a man of twenty-s x 
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irs. On reference, it was found that both knees were affected (Figs. 2 and 3). An exact 
< ignosis could still not be made, but on reflection it seemed that this spiculation resembled 
: osteitis and periostitis of the ischial tuberosities and calcaneum in ankylosing spondylitis. 
radiograph of the sacro-iliac joints was therefore obtained, and it showed the frank changes 
sociated with this disease (Fig. 4). 


t 





Fic. 2 Fic. 3 


Changes similar to those in Figure | but bilateral. 





Fic. 4 
Sclerosis and irregularity of both sacro-iliac ioints. 


In 1953 the various manifestations of Reiter’s syndrome were not so well known as they 

2 to-day. We were satisfied at that time that the lesion was attributable to ankylosing 

ondylitis, but further investigation might have shown that it was part of Reiter’s syndrome. 

| any case the patient may be spared a biopsy, and the anxiety associated with a provisional 
¢ agnosis of sarcoma. 
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II. Cysts of the Lateral Semilunar Cartilage of the Knee 


The diagnosis of a cyst of the lateral cartilage of the knee is not considered to be with n 
the radiological province, and the radiological evidence of the lesion has not been consider d 
seriously. 

It is true that the clinical diagnosis is not difficult. The few errors, in cases which cor i¢ 















Fic. 1 
Minimal changes: the joint space is wider on the lateral than on the medial side. 
There is a slight increase in density of the lateral space. 





Fic. 2 


The lateral space is relatively wide. The whole cyst is outlined. It is unusual for the 
cyst to give such a dense shadow. 


to operation, are usually caused by a tear of the cartilage or a discoid cartilage. It is als» 
probably true that the radiologist cannot contribute much useful information, because th: 
small cysts that cause difficulty in the clinical diagnosis are unlikely to be visible on the filn . 

At the Royal National Orthopaedic Hospital the diagnosis of cyst of the lateral cartilag: 
has been made in 169 patients in recent years; it was confirmed by operation in 122 patient. 
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| T se cysts showed some radiological evidence of their presence in 69 per cent of the films. 
1 — radiological signs are: 

1) A widened joint space on the lateral side (Fig. 1) which is often misinterpreted as a 

n rowed space on the medial side. An inequality in the width of the two parts of the joint 

ji; -ommon in various conditions, and this sign is not of positive value; it was, however. 

¢ istantly present in early lesions. It was not a conspicuous feature of some of the more 








Fic. 3 
The lateral space is wide and relatively dense. The rarefied area on the lateral tibial 
margin is the first evidence of a pressure deformity. 





Fic. 4 
The semicircular pressure deformity is now showing signs of a compact medial margin. 


lvanced cases, because the mass tended to extrude as a palpable lump under the soft tissues 
als n the lateral side of the joint (Fig. 7). 

the 2) A faint rounded opacity which made the lateral joint space more dense than the medial. 
iin. his opacity was sometimes visible beyond and below the margin of the joint (Figs. | and 2) 
lag? 3) A line in the joint space due to the medial margin of the cyst, which is superimposed 
nts. 1 this region. 
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Fic. 5 
The pressure deformity is now sharply outlined. The medial margin of the cyst is 
faintly outlined in the joint space. 





Fic. 6 
Another example of a sharply defined pressure area at the lateral margin of the tibia. 





Fic. 7 
There is a deposit of calcium in the erosion and the lateral cartilage has become narrow. 
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4) An erosion in bone below the lateral articular surface of the tibia; this is caused by the 
ext. nsic pressure of the cyst. In the early stage it is visible as an area of rarefaction (Fig. 3), 
anc later the edge is demarcated by a semicircular line of condensation (Figs. 4 to 6). 

5) A deposit of calcium in the cyst. This opacity may be in the eroded margin of the tibia 
(Fi . 7) or it may be a surprising distance from the bone (Fig. 8). 









Fic. 8 
There is a deposit of calcium in the cyst; the joint space is still wide. 


It is suggested that this subject deserves attention, because in cases labelled as osteoarthritis 
some of the symptoms may be due to cysts. 

It has been found that an underpenetrated film may show the margins of the cyst clearly 
and that a radiograph taken with the * open joint” or * tunnel ”’ projection may demonstrate 
a cyst that is not apparent on the routine antero-posterior projection. It is not believed that 
the diagnosis will be made on indifferent films or on casual inspection. 
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CHARLES GORDON IRWIN 
1894-1959 


Early on October 14, 1959, Charles Gordon Irwin died in his sleep. An orthopaedic 
surgeon of outstanding merit and ability, he will be greatly missed; and as a man of many 
parts, excellent in each and possessing a personal charm greater than all, he will be mourned. 
His passing leaves a gap in the ranks of his colleagues ill concealed; and, in the haunts of men 
on sport and leisure bent, a great companion is at rest. 

Charles Gordon Irwin was born at Tynemouth on June 25, 1894. He was educated 
there and at Stramondgate House, Kendal, where he first gained his reputation as an all round 
athlete and sportsman. He began his medical studies at Durham University in 1912, graduating 
with honours in 1917. His studies were interrupted during 1914 and 1915 by service in tie 
ranks in the R.A.M.C.: he was one of the first volunteers. He returned after qualifying aid 
saw service in East Africa, Egypt and India. Deeply moved by the orthopaedic problem 
remaining after the first world war, he first became interested in this speciality and in 19 9 
he spent six months studying under Sir Robert Jones with others who were destined to becot 
the giants in this field. 


77 
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In 1919 he was appointed Orthopaedic Surgeon to the Ministry of Pensions in Newcastle, 
w ‘king under the aegis of Professor Rutherford Morrison. Many are the anecdotes relating 
tc ‘heir association. A sincere friendship and deep respect developed between them, the 
P fessor always referring to Irwin as * Mr President.”” In 1920 he was appointed surgical 
strar to the Royal Victoria Infirmary, working under Mr Brunton Angus, Mr John Clay 
a’ Mr George Grey Turner. He quickly developed a reputation as an outstanding general 
xeon and was invited to join the staffs of the Tynemouth Infirmary, the Cameron Hospital 
lartlepool and the Durham County Hospital. In 1928 he was appointed Assistant Honorary 


A 


f 


a 
§ geon to the Royal Victoria Infirmary and worked in Mr Norman Hodgson’s clinic. During 
t! ; phase as a general surgeon he retained his primary interest in orthopaedics, and among 
h. publications an essay on ** Growth of bone and bone grafting’? won the Heath prize 
ir 1926. 

In 1931 it was decided to build an orthopaedic department at the Royal Victoria Infirmary, 
\ weastle, and he was invited to accept the appointment of Honorary Surgeon in Charge. 
H |ped enormously by his energy and enthusiasm, the newly built fifty-bed department was 
0; ened in 1933, and thus orthopaedics was established as a separate entity in the north-east. 
I. is meant a great sacrifice to Gordon Irwin, who was obliged to divorce himself from a busy 
aid lucrative general surgical practice. He never regretted his decision, however, and until his 
re'irement in June 1959 this department remained his constant pride and joy. 

Other appointments which followed included a Lectureship in Orthopaedic Surgery at 
the Durham University College of Medicine; he had always had a great reputation as a 
clinical teacher. He was concerned with the organisation of Miners’ Rehabilitation Centres 


Britain and served as an Adviser and Consultant to this service in Northumberland 
and Durham. In 1948 he became Adviser in Orthopaedics to the No. | Regional 
Hospital Board and was one of the original members of the Medical Appeal Tribunals 
en they were set up in 1949. In addition to these heavy commitments he was able to run 


= 


busy private practice and established a high reputation as an expert on medico-legal problems 
nd as a lucid and reliable witness in court. In 1952 to 1953 he held the high office of Vice- 
resident of the British Orthopaedic Association, during which period the Congress of English- 
peaking Orthopaedic Surgeons was held in London. He was a member of the exclusive 
Robert Jones Dining Club. He travelled widely in Europe and America. Many were his 
riends in both the New and the Old World. 

Much could be said of Gordon Irwin’s talents. His operating was sheer artistry. He ran 
large and busy department without friction or apparent effort. To his juniors he was always 
i good counsellor and friend, and many owe hima great debt of gratitude. Though conservative 

his outlook and restrained in his judgment, his amazingly percipient mind was quick to 
ceive and assess everything new so that he was always abreast of the times. In all personal 
itters he was well disciplined; his punctuality was a constant source of embarrassment to 


—, - tS = O53 


s junior colleagues. 

All his life Northumberland was his to know and to love. He knew every twist and turn 
‘every river and road, particularly the roads which led him to the Tweed or the Eden. 
e was an excellent shot and golfer, but fishing outlived his other sporting loves. He was 
‘ver happier than when encouraging a fumbling beginner to catch his first salmon. For many 
‘will live in memory as a consummate artist on a river bank; or, if the river were unproductive, 
s unbounded knowledge of local terrain and folk-lore retailed with his inimitable urbanity 
ade many a blank day feel like high summer and well spent. He was within casting distance 
‘the Tweed when he died. 

Gordon’s friends came from every walk of life, but one thing they had in common, his 
ories. Whether one walked a hospital ward or a river bank, always they were apt. They 
ade a little more of heaven the daily drudge, a little more diverting the primrose path of 
illiance. J. K.S. 
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ALEXANDER MILLER 
1904-1959 


It is with deep regret that we record the death of Alexander Miller on November 4, 19 9. 
at his home at Jackton, Lanarkshire. Sandy Miller, the pioneer of the orthopaedic servi 2s 
in the West of Scotland, died at the height of his career and his name will long be remember: :d 
by his many friends and patients. 

He graduated M.B., Ch.B., at Glasgow University in 1928, and was appointed Hoi se 
Surgeon to James Russell at the Victoria Infirmary. He kindled Miller’s interest in orthopae 
surgery and encouraged him to make the pilgrimage to Oswestry, and later to work w 
Naughton Dunn in Birmingham. He returned to Glasgow in 1932, and established the fi 
orthopaedic clinic in the Glasgow area within Mr Russell’s unit at the Victoria Infirma 
Miller at once threw all his energy and enthusiasm into the development of the orthopae 

services in the West of Scotland. This was < 


= & 


4 


— 


easy task, for the Glasgow school was by traditi 


the stronghold of general surgery and any atten 
to segregate fractures within orthopaedic un ts 


was strenuously resisted. He quickly appreciat :d 
the need for continued treatment of patie: ts 
discharged from hospital, and in 1935 

established at Motherwell the first rehabilitation 
centre in Great Britain for injured miners. Before 
the second world war he had organised a netwo°k 


of orthopaedic clinics in the Counties of Lanark, 
Renfrew, Dunbarton, Dumfries and Ayr, bascc¢ 
on Philipshill Hospital, which is situated in 
delightful country a few miles from his home. 
Within the British Orthopaedic Association 
Sandy will be remembered for his services to 
orthopaedics, but this was only one of his many 
activities. _ He was keenly interested in and 
knowledgeable of art and architecture, and with 
his wife, Connie, had made a beautiful home 
from a converted farmhouse not far from John 
Hunter’s birthplace. It was here that he enter- 
By permission of the Glasgow Herald tained the members of the Scottish Orthopaedic 
Club when he presided over the inaugural meeting 
on a lovely summer’s day in June of last year. Already he knew that he would not see 
many of us again, but there was no hint of it; he was in tremendous spirits and gave 
an excellent talk on his many years’ experience of the McMurray osteotomy. At the 
time of his death he was Vice-President of the Glasgow Art Club; it was here and 
in the All Saints Club, ‘*an exclusive colloquium of Glasgow and Edinburgh gentlemen,” 
that he enjoyed his love for good conversation, food and wine. It is said of his 
fellow-members “that some of them did not realise that this rumpled headed burly 
man with the soft Scottish voice and the warm cheerful handclasp was famous far 
beyond Scotland.” 
We extend our sympathy to his wife, Connie, who shared so many of his interests. 
R. B. 





E. A. N. writes: Alexander Miller, or Sandy as he was affectionately known to orthopaedi: 
surgeons all over the world, was truly a man of parts. Although a great clinician and a super) 
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erator, he never allowed these gifts to obscure his view of the patient as an individual. 
o him a “ case”’ was never simply an intellectual exercise in diagnosis followed by a display 
‘virtuosity in the operation theatre—indeed, virtuosity for its own sake was quite foreign 
) his nature, as it is to every true artist. He saw each problem whole and in its human context, 
id it was this trait, combined with a real love of his fellow creatures and a desire to understand 
id alleviate their problems, that led him early in his career to study the social implications 
disability. It was an interest that remained with him to the end. 
In 1935 he established at Motherwell the first Rehabilitation Centre in Great Britain, and 
few years later he became associated with Watson-Jones and others in that fine achievement 
the Miners’ Welfare Commission, the creation of a nation-wide rehabilitation service for 
jured miners. This was at a time when the word “ rehabilitation ” was practically unknown 
its medical context, and it always gave him great satisfaction to know that out of this pioneer 
‘heme and its counterpart in the Royal Air Force had developed the whole international 
cept of rehabilitation as we know it to-day. Later, in 1948, he was a member of a small 
am sent to America by the Miners’ Welfare Commission to study the problems of traumatic 
iraplegia, and it was arising out of the recommendations of this mission that the now famous 
inal Injuries Unit in Sheffield was established. 

As might be expected in a man with such human interests, he had a warm and sympathetic 
ature and acquired a large circle of friends all over the world and in every walk of life. He 
as a perfect host, and to be entertained in his beautiful country home in Lanarkshire was an 
nforgettable experience. It was on such occasions that the many-sidedness of his character 
ould be revealed—an expert on rock gardens, of which he and his charming wife Connie 
ad created one of the finest in the South of Scotland; a good horseman and a true lover of 
he countryside and all its lore, for he himself was a true son of the soil and as much at home 
alking ** shop ”’ with his farmer friends as discussing orthopaedics with his colleagues. He was 

also a keen sportsman and in his later years had taken up the national game of curling, at 
which both he and his wife became expert. An afternoon spent with him at the ice rink would 
reveal him in yet another milieu as the * skip,” and he might easily have achieved international 
honours. This would have been no more than just, for he was once described as the best 
three-quarter who never played for Scotland. It was the great disappointment of his youth 
that after he had been picked for a trial match and was regarded as a virtual certainty for a 
cap, he injured his knee and was unable to play. In the evening he would be revealed as a 
genial and charming host with a cultured and cultivated mind, a knowledge of food and wine, 
and a genius for good conversation, enlivened by his ready wit and a fund of anecdotes 
which grew year by year as he became more widely travelled. 

In his later years he became something of an international figure and visited the United 
States, Canada, Spain, Italy, South Africa and Uganda. He proved himself a worthy 
ambassador of British orthopaedics wherever he went, and to be associated with him on one 
of these occasions was a wonderful experience, for he was the perfect companion. His energy 
was apparently inexhaustible and he could keep up a continuous round of lectures, clinical 
conferences, hospital visits and social occasions for weeks on end and emerge as fresh at the 
end as at the beginning. He made friends wherever he went, and for his contributions in 
Spain he was elected an honorary life member of the Spanish Orthopaedic Association. The 
last tour of this kind in which he participated was in South Africa, and it gave him great 
satisfaction to know that, arising directly out of this tour, the mining industry of that country 
established four annual Travelling Fellowships to Britain and a triennial Travelling Lectureship 
to South Africa. 

If it is true that adversity is a tester of the spirit, then Sandy Miller’s greatest qualities 
emerged in his first and fatal illness. He faced this cruel blow in the prime of his career with 
great courage and fortitude, and in his last distressing months he remained calm, dignified 
and uncomplaining to the end. When he knew that all hope was gone, he wrote in what was 
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probably his last letter: “I shall try to accept the future with what philosophy I n a 
but I can rejoice in the past, for I have been fortunate in my opportunities, my work ; nc 
my friends.” 

But in any appreciation of Sandy Miller it would be wrong to end on a sad note, foi he 
was the personification of cheerfulness and good humour. He had an impish face wl 
dissolved into a grin at the slightest opportunity, and he never quite ceased to look lik 
mischievous schoolboy. He was one of the most approachable and kindly of men, and 
will be remembered as much for his good fellowship and gay spirits as for his great and last 
contributions to orthopaedic surgery. 
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PROCEEDINGS AND REPORTS OF UNIVERSITIES 
COLLEGES, COUNCILS AND ASSOCIATIONS 


GREAT BRITAIN 


ROYAL COLLEGE OF SURGEONS OF ENGLAND 


WATSON-JONES LECTURE 

On December 9, 1959, at the Royal College of Surgeons of England, the Rt. Hon. Lord Cohen of 
B kenhead delivered the first Watson-Jones Lecture. His subject was “* Reflections on Specialism in 
\ dicine** and was chosen because of Sir Reginald’s own outlook on his speciality. 

Lord Cohen followed the growth of specialities from ancient Egyptian times when a national 
h. lth service existed with specialists paid by the State. In the Middle Ages the bonesetters were 
s} lled and effective practitioners, their skill being handed on from father to son. With growing urban 
c mmunities modern specialism began in the seventeenth century. Doctors were able to classify and 
rccord their observations on the natural history of disease and the results of treatment. In the next 
t\.o hundred years many of the complexities of man’s body were recognised and the sciences of 
chemistry, physics and biology evolved. 

Lord Cohen gave a warning of the dangers associated with the isolated specialist, of the too 
intricate technique, of narrow and exclusive lines of research carried out by the solitary worker. 
He urged that the concept of holism should be accepted by the student and applied throughout his 
lifetime. He would learn the basic principles of medicine and be encouraged to think for himself. 
Present student teaching presented a diversity of facts often imperfectly correlated. 

Specialism had rightly come to stay and normally the family doctor would be the person in 
continuous charge and care of the patient; the specialist would also be able to accept this responsibility 
if he were like Sir Reginald, imbued with the concept of holism. 


UNIVERSITY OF LIVERPOOL 


LADY JONES LECTURE IN ORTHOPAEDIC SURGERY 

On November 17, 1959, in the New Medical School of the University of Liverpool, Mr R. I. 
Stirling of Edinburgh delivered the fourteenth Lady Jones Lecture in Orthopaedic Surgery on “* The 
Mutability of Living Bone.” Having indicated that he was not concerned with the changes in bone 
due to local and general diseases (metabolic, neoplastic and glandular in origin) he discussed the 
bone changes under various mechanical stresses. With delightful illustrations he showed that bone is 
not static; it is mutable and can change under the influence of pressure or of tension exerted by muscle 
pull or by gravity. It was made clear that a deformity involving bone cannot be corrected permanently 
hy fusion or by osteotomy unless the causes have been eliminated. One of the most striking examples 
of the mutability of bone was the demonstration that if a bone is divided and subjected to controlled 

nsion a very considerable amount could safely be added to its stature. 


DEGREE OF M.Ch.Orth. 

In the M.Ch.Orth. examination held in Liverpool in December 1959 the following candidates 
ere successful: J. A. Adams, Cape Town, South Africa; K. V. Chaubal, Bombay, India; A. C. W. M. 
’a Roza, Hong Kong; A. W. B. Heywood, Cape Town, South Africa; D. C. MacPhail, Edinburgh, 
cotland; B. T. O°Connor, Queensland, Australia; M. Y. Rai, Madras, India; M. L. Rajakaruna, 
olombo, Ceylon; B. F. Regan, Dublin, Eire; L. N. Vora, Bombay, India. 

Mr A. C. W. M. Da Roza was awarded the Gold Medal. 

The External Examiners were Mr H. Osmond-Clarke of London and Mr F. W. Holdsworth of 
1effield. The Internal Examiners were Professor Bryan McFarland, Mr Eric Wardle, Mr Norman 
oberts and Mr Goronwy Thomas. 


1L. 42 B, No. 1, FEBRUARY 1960 153 



























































PROCEEDINGS AND REPORTS OF COUNCILS AND ASSOCIATIONS 


THE BRITISH EDITORIAL BOARD 


PRESENTATION OF GAVEL 


In 1959 the December 
meeting of the British Editorial 
Board was held in Edinburgh 
at the Royal College of 
Surgeons at the invitation of 
the Chairman, Sir Walter 
Mercer. To mark the occasion 
Sir Walter presented to the 
Board a gavel of mahogany, a 
photograph of which is repro- 
duced here. The base bears an 
inscription on an inlaid silver 
plaque: The Editorial Board of 
the Journal of Bone and Joint 
Surgery. Edinburgh, W. M. 
19/12/59. 

Past members of the Board 
together with present members 
attended a cocktail party given 
by Sir Walter and Lady Mercer 
and afterwards wereentertained 
to Dinner by the Publishers, 
Messrs E. & S. Livingstone 
Ltd., whose Managing Direc- 
tor, Mr Charles Macmillan, 
acted as host. 





Gavel and striking block presented 
to the British Editorial Board by 
its Chairman, Sir Walter Mercer. 


SCIENTIFIC SOCIETIES AND REGIONAL ORTHOPAEDIC CLUBS 


THE BONE AND TOOTH SOCIETY 


A programme of short communications was held on June 2, 1959, at the Institute of Orthopaedics 
Great Portland Street, with Dr H. J. Rogers in the chair. 


Studies on the calcification of cartilage— Dr S. M. Weidmann (Leeds) discussed three lines of approach 
to the calcification problem, namely phosphorus metabolism in cartilage with particular reference to 
oxidative processes, the role of organic matrix in ossification, and inter-relationship between minera! 
and fibre components of bone. These introductory remarks were followed by a comparison of the 
modern epitactic concept and the old precipitation hypothesis. Robison’s difficulty in explaining 
precipitation and his reasons for stressing the importance of alkaline phosphatases and the phosphorus 
intermediates of glycolysis in the calcification reaction were described. The validity of the assumption 
about the role of organic phosphate compounds as seen by earlier workers had been questioned by the 
Leeds group on the basis of the relative phosphorus activities of the various phosphorus compounds 
isolated from calcifying cartilage. These findings also suggested that adenosine triphosphate (ATP) is 
important for calcification, which was thought to be active in the crystal nucleus formation. Considering 
the close fibre-mineral interconnection, epitaxy was a distinct possibility. Although both the collagen 
fibres and the mucopolysaccharides may have epitactic qualities, they may require stimulation before 
inducing seed formation. Certain changes are known to occur in calcifying tissues before calcification, 
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ch may point to preparatory reactions, but the nature of these is unknown. In this connection 


* 
t! concept of the local factor was introduced with particular reference to chondroitin-SO, and its 
e tual phosphorylation; the role of ATP in its formation was also mentioned. The importance 
c ATP incalcification processes was then discussed in the light of results obtained with dinitrophenol. 
T -se were interpreted as indicating an epitactic relationship between ATP formation and bone salt 
d osition. 

© dative phosphorylation and calcification—Mr R. G. Whitehead (Leeds) said that, contrary to the 
o! supposition that cartilage metabolism is completely anaerobic, it had been demonstrated that 


c: ifying cartilage cells exhibit an active aerobic metabolism. Dehydrogenase and cytochrome 
0: jase activity had been demonstrated histochemically, and the Krebs cycle biochemically. Favourable 
c ditions were thus present for oxidative phosphorylation, which probably explained the high 
cc centration of ATP in cartilage. The importance in vivo of oxidative phosphorylation had been 
de .onstrated by tracer studies using *°P injected into the peritoneum. 2:4 dinitrophenol, an 
ur oupling reagent, significantly reduced the synthesis of cartilage ATP, which eventually led to a 
de veased formation of bone salt. Oxidative phosphorylation is also important in the formation of 
ce ilage mucopolysaccharides. Studies *°S in vitro had shown that rapid metabolic synthesis of these 
cc »pounds coincides with the appearance of an active aerobic metabolism within the hypertrophic 
ce 5. Factors that inhibited oxidative phosphorylation, such as anaerobism and dinitrophenol, caused 
a iarked reduction of mucopolysaccharide synthesis. These studies indicated the great importance 
oi oxidative phosphorylation in cartilage metabolism and in the mechanism of calcification. 


Ti. initiation and development of the inorganic phase of hard tissues—Dr F. G. E. Pautard (Leeds) 
sa.d that in contrast to the crystallinity of many calcium salts found in the exoskeletons of invertebrate 
aninals, the calcium phosphate deposits so far examined in bone, dentine and enamel occurred as 
small crystallites of constant size; a review of present knowledge had shown a good agreement for a 
rod- or cigar-shaped crystallite in bone and dentine, measuring 215 A by 65 A. He now re-examined 
a recent view that these crystallites might be formed, not by association with one-third the collagen 
macroperiod of 640 A, but by nucleation at intervals of 215 A on some scarcely visible filament. 
In considering how such regularly shaped inorganic particles might be initiated and contained within 
living tissue, others had emphasised the precipitation of insoluble hydroxyapatite from supersaturated 
solutions of the participating ions, although experiments in vitro with metastable calcium phosphate 
solutions, even in the presence of calcifiable reconstituted collagen fibres, did not produce crystallites 
resembling those from bone or dentine. The present ideas of the epitactic seeding of receptive nuclei 
demanded a controlled transfer of ions from the surrounding fluid. To illustrate the specificity of 
such a calcifying mechanism, some experiments with the unicellular alga Polytoma uvella, which 
undergoes flagellar ossification under certain conditions of culture with casein hydrolysate preparations, 
were described. In these circumstances hydroxyapatite appeared to be laid down in a manner resembling 
that observed in bone and dentine, and in vitro experiments suggested that some combination between 
sulphate ions and casein phosphopeptide might be responsible for the deposition of hydroxyapatite 
from solution. 


The effect of parathormone (Lilley) on oxidative phosphorylation— Dr J. Dawson (Wickford, Essex) 
said that, from studies in man and animals by various workers, it could be concluded that parathormone 
inhibits both osteoblastic activity and the reabsorption of phosphate by renal tubules. If the 
production of ATP was important both in osteoblastic activity and in renal tubular phosphate 
reabsorption, then one of the ways in which parathormone could act was by inhibiting ATP production. 
Studies with liver and kidney cyclophorase and mitochondria were carried out to determine the effect 
o! parathormone (Lilley) on the uptake of inorganic phosphate by these preparations using glucose 
and hexokinase as the phosphate acceptor system. The main conclusions were that: 1) Parathormone 
(1 illey) would inhibit uptake of inorganic phosphate; 2) Ca?+ would also inhibit uptake of inorganic 
p \osphate, and the effect of parathormone and Ca?-+ together was greater than the sum of the effects 
p'oduced when either acted alone; 3) this potentiation effect could be abolished by increasing the 
\ g*+ concentration; 4) citrate utilisation and oxoglutarate accumulation were decreased by both 
C \*+ and parathormone; when both were present together oxoglutarate accumulation was increased; 
5 ‘he P/O ratio was decreased slightly by parathormone but not by Ca? + ; 6) with purified parathormone 
‘parations supplied by Dr Rasmussen, an inhibition of phosphate uptake could be demonstrated; 
liffered from that shown by parathormone (Lilley) in that increasing amounts of the preparations 
v ould only produce increased inhibition if Ca?+ was added to the medium. 
It was suggested that parathormone acted by forming a Ca-parathormone complex which displaced 
2 from active centres. This would explain the effect of Ca and B parathormone on oxoglutarate 
cumulation and the inhibitory effect on phosphate incorporation. 
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Accelerated growth and skeletal development in the rat—Dr J. W. T. Dickerson and Dr Elsie \, 


Widdowson (Cambridge) said that the growth of rats was accelerated by reducing the size of the li 
to three as soon as the animals were born. The skeletal development of these animals was compa 
with that of rats reared in litters of fifteen to twenty. At weaning, those suckled in litters of tl 

weighed two to three times as much as those suckled in large litters. The difference in size at wean 
persisted, even though in both series the animals were given free access to the same stock diet. Wh 
skeletons of rats twenty-one days old were stained with alizarin; the fast-growing ones showed evide 
of more advanced skeletal development. The growth rate of the animals made no difference to 

relationship of body length to body weight. The femora of the fast-growing rats grew faster tl 
those of the slow-growing ones, but the growth in length of the femur did not keep pace with | 
increase in body weight. The shape of the femora was unaltered by the rapid growth rate. There \ 
a definite change in the growth of the femora of both series of animals at about the time of puber 
The percentage of calcium in the epiphyses of the femur was higher in the fast-growing rats at e 
chronological age, lower at each recorded body weight and the same at each recorded femur leng 


A preliminary report on the uptake and retention of °°Sr in the teeth and jaws of rabbits—Surg: 
Captain (D) W. Holgate, R.N. (Alverstoke) said that ®°Sr was taken up by the dentine, enamel a 
cementum of teeth that were calcifying at the time when the isotope was available in the blood plasn 
The factors which influenced this incorporation were 1) size of the dose, 2) the age at administratic 
and 3) the method of administration, whether by single injection or protracted daily ingestion. Becau 
teeth do not undergo remodelling, burden and establishment differed from that occurring in bon 
After a single injection given to weanling rabbits, the continuously growing and erupting teeth we 
found to accumulate "Sr for at least thirty days. This finding contrasted with the burden in the femi 
which dropped continuously after the first twenty-four hours (Holgate, Mole and Vaughan. Naru 
1958, 182, 1,294). Two types of damage in the teeth were recognisable by radiographic examinatio! 
1) gross interference with tooth formation, causing abnormal calcification of the pulp chamber an | 
eventual cessation of cellular activity, and 2) interference with the normal eruptive processes. In tl 
latter type the continued vitality of the pulp in combination with failure to erupt properly cause 
lengthening of the teeth, which were sometimes ‘ound to have penetrated the lower border of th 
mandible, and irregularities in the shape and formation of the teeth. The jaw appeared to be a commo: 
early site of tumour formation when *°Sr was administered to rabbits (Owen, Sissons and Vaughan 
British Journal of Cancer, 1957, 11, 229). 


A seasonal rhythm in the presentation of human bone sarcoma— Dr C. H. G. Price (Bristol) had found 
in a combined series of 142 osteogenic sarcomata of human long bones, the following seasona 
distribution of the appearance of the first symptom (usually pain): 





Under 30 years of age Over 30 years of age 


January, February, March ; 11 19 
April, May, June . ; a 8 18 
July, August, September. ; 34 16 
October, November, December 21 15 





The marked summer preponderance amongst juveniles, significant statistically to a level of 


p 0-001, appears also in the annual survey over sixteen years and for both sexes. The likely explanation 
of this observation was discussed in the light of the known seasonal rhythm of bone growth and its 
connection with photoperiodic variations in the activity of the pituitary and other endocrines. 


A symposium on “ Renal Osteodystrophy ~ was held on October 27, 1959, at the Institute of 


Orthopaedics, Great Portland Street, with Professor C. E. Dent in the chair. 


The clinical diagnosis of renal osteodystrophy—Professor Russell Fraser and Dr Michael Harrison 
(London) said that metabolic bone disease secondary to diseases of the kidney comprised two main 
types—non-uraemic and uraemic osteodystrophy. In the former, rickets or osteomalacia arose from 
renal tubular diseases which gave rise to a phosphate leak. In the latter, mixtures of osteomalacia, 
osteitis fibrosa and osteosclerosis occurred. In the differential diagnosis of renal osteodystrophy the 
investigations of value comprised: 1) Radiological—rickets, osteomalacia and hyperparathyroidism 
might all be detected, but their dependence on renal disease would often not be evident. 2) Biochemical 

hypercalcaemia suggested another cause of bone disease, particularly primary hyperparathyroidism 
or metastatic carcinoma. Plasma phosphate was usually raised in primary uraemia, and a high 
alkaline phosphatase would confirm the presence of bone disease without revealing its cause. Urinary 
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e -retion of calcium was usually low in primary uraemia, and a normal or high value suggested 
; mary hyperparathyroidism. Estimation of the renal phosphate clearance in non-uraemic patients 
r ght reveal a phosphate leak, due to hyperparathyroidism or renal tubular disease. 3) Bone turnover 

dies with stable strontium enabled the rate of bone formation to be estimated. In osteomalacia 
2 d osteitis fibrosa this rate was more rapid than normal, so that suspected cases could be confirmed 
c excluded. In hypercalcaemic states only hyperparathyroidism was associated with an increased 
¢ vosition of calcium in bone. 4) Bone biopsy of the iliac crest would reveal osteomalacia. It was 
i) portant to examine undecalcified sections. When osteomalacia had been proven it might be assumed 
t be due to a renal cause if steatorrhoea could be excluded, and a phosphate leak, perhaps with 
c ier tubular defects, might be demonstrated. Weakness, muscle pains or cramps were often the 
c ly features suggesting osteodystrophy in uraemia. This might be confirmed by finding a high 
a .aline phosphatase, a rapid rate of bone deposition and an abnormal bone biopsy. 


\ etabolic implications of therapy in azotaemic osteodystrophy— Dr S. W. Stanbury (Manchester) said 
t! :t metabolic balance studies had been carried out during treatment of a group of azotaemic patients 
y th rickets or osteomalacia, and in one patient with uraemic hyperparathyroidism who was subjected 
t. parathyroidectomy. Correction of the metabolic acidosis produced no effects on mineral metabolism 
a dno improvement in the bone disease; it sometimes lowered the blood urea and increased protein 
a abolism, but it could cause serious tetany. On the other hand calciferol or pure dihydrotachysterol 
would always heal the defect of mineralisation and correct simultaneously the accompanying 
r: jiographic signs of secondary hyperparathyroidism. The dose required was individually unpredictable 
b t always exceeded physiological requirement. The data indicated that the metabolic state in 
a, otaemic osteodystrophy resembled closely that caused by nutritional deficiency of vitamin D; and 
it was suggested that some factor in uraemia interfered with the normal action of the vitamin. The 
hizh faecal calcium and phosphorus, as well as the hypocalcaemia, would thus be explicable; they 
could not be attributed to: hyperphosphataemia, which was absent in many cases. There were no 
characteristic serum levels of calcium or phosphorus and there was no critical Ca x P product at 
which mineral deposition occurred: and it seemed likely that vitamin D facilitated mineral deposition 
by a direct action on bone as well as bowel. In long standing cases, with gross parathyroid hyperplasia, 
the osseous condition was converted into “* parathyroid bone disease *; but the characteristic intestinal 
malabsorption of minerals persisted. After parathyroidectomy this abnormality was still demonstrable, 
and no mineral retention or skeletal mineralisation occurred until the patient was given 300,000 i.u. 
of vitamin D daily. These observations indicated that the hyperparathyroidism and the parathyroid 
bone disease were secondary phenomena. 


Histopathology of renal osteodystrophy— Dr M. E. Catto (Glasgow) illustrated the histological changes 
forming the basis of some of the varied radiological appearances in azotaemic renal osteodystrophy. 
Osteoporosis, osteomalacia and rickets were each dealt with briefly. A severe degree of osteitis fibrosa 
would give rise to almost complete replacement of the normal bone architecture by an irregular fine 
meshwork of coarsely woven fibre bone surrounded by loose fibrous tissue. Both osteoclast and 
osteoblast activity were evident. These histological changes were shown radiologically in the loss of a 
clear corticomedullary junction in both tubular and flat bones, subperiosteal erosions, subperiosteal 
new bone formation and the “ rugger jersey * pattern of osteosclerosis in vertebral bodies. 


The early manifestations of renal osteodystrophy— Dr F. H. Lumb (London) broadly subdivided renal 
osteodystrophies into those due to tubular and those due to glomerular disturbances. He discussed 
their early manifestations mainly with regard to symptoms, physical findings and biochemical 
10rmalities, and briefly mentioned early radiological and pathological changes, stressing the 
»ortance of age in modifying the nature of skeletal lesions. 

Bony abnormalities might occur in renal disease in the absence of skeletal symptoms, though in 


al 


such circumstances inquiry would often elicit symptoms of chronic renal failure and a past or family 
hi.tory of renal disease. Skeletal pain was, however, an important early symptom, occurring especially 
in those parts of the skeleton that were subjected to greatest stresses, regardless of the nature of the 
urderlying osteodystrophy. Signs included bone tenderness and deformity, and alteration of the 
re ative lengths of limbs and of trunk. Evidence of underlying long standing renal abnormality was of 
o! vious significance. Biochemical findings depended largely upon the nature of the underlying renal 
le ‘on, but in all types of renal osteodystrophy the serum alkaline phosphatase provided a useful 


ige of skeletal involvement. Radiological abnormalities were occasionally the earliest manifestations 
0’ renal bone disease, especially if chronic glomerular failure were associated with secondary 
h: serparathyroidism, when subperiosteal erosions might antedate clinical signs and symptoms. The 
hi tological changes of osteitis fibrosa, as would be expected, appeared even earlier, and had been 
nd in cases of chronic uraemia when full ante-mortem investigation had revealed no evidence of 


7S 
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bone change. Recognition of the early manifestations of renal osteodystrophy had become : iore 
important since more adequate treatment of painful and disabling skeletal disturbance had bec »me 
possible. 


Morbid anatomy of renal osteodystrophy— Dr J. Ball (Manchester) recognised four stages in the na ural 
evolution of bone disease in chronic uraemia. At first, cartilage was mineralised but calcificé tion 
of bone was defective. Later both cartilage and bone failed to take up mineral. In the third s age 


g 
Q 


rachitic cartilage was remineralised but the calcification defect in bone persisted. In the fourth s < 
bone and cartilage were recalcified. The first and third stages of uraemic osteomalacia showed 
cartilage might be calcified in circumstances in which bone was not. Increased osteoclasis and os 
fibrosa are inconspicuous in the first stage; later, osteitis fibrosa is prominent, and in the fo 
stage the skeletal changes are virtually those of severe hyperparathyroidism. During the 
three stages the weight of the parathyroids gradually increased up to about 0°5 grammes; typi 
the glands were devoid of oxyphil cells and commonly consisted solely of water-clear cells. 
the fourth stage the glands were grossly enlarged, weighing 1-12 grammes, and were characte: 
by the reappearance of oxyphil cells, often in the form of macroscopic nodules. It was ar; 
that during the first three stages the parathyroids were in a state of reactive hyperplasia, whe 
in the fourth stage the glands were probably in a state of autonomous growth. Abnormal m: 
might be produced in the fourth stage; and histological and histochemical evidence was prese 
to show that this material might be an abnormal cement substance. 


Radiology of renal osteodystrophy— Dr C. J. Hodson (London) showed a series of radiographs depic 
radiological aspects of renal osteodystrophy. 


SOUTH-EAST METROPOLITAN REGIONAL ORTHOPAEDIC CLUB 


A meeting was held on November 14, at the West Kent General Hospital, Maidstone, the 
hosts being Mr E. Shephard and Mr W. H. Gervis; twenty-five members and guests attended ind 
some fifty patients were shown. 


Subacromial bursitis—Six varieties of swellings of the subacromial bursa were illustrated by three- 
dimensional colour slides of the operation findings. Causes varied from gout, with a serum uric 
acid level of 14-2 milligrams per cent, to polyarthritis, villonodular synovitis and multiple loose 
bodies. Mr Shephard said that he had operated only on patients with a definite swelling. At the 
discussion Mr H. L.-C. Wood admitted exploring on account of a persistent and noisy subscapular 
crepitus with negative results. 


Hand injuries—Nineteen cases of hand injuries treated surgically with excellent results in all aroused 
considerable envy among the visitors, particularly the five cases of division of the flexor tendon in the 
distal part of the sheath. Mr Shephard said these patients had three weeks rest after operation followed 
by vigorous physiotherapy. Mr J. E. Buck put in a further plea for direct suture of the extensor pollicis 
longus in cases of rupture in view of the uniformly excellent results achieved. Mr O.J. Vaughan-Jackson 
reminded members of his previous observations on rupture of the tendons by erosion over a bony 
spicule. 

Upper motor neurone paralysis—A woman aged forty-seven had had a stormy passage after occlusion 
of an anterior cerebral aneurysm but recovered in three years sufficiently to manage her household 
duties with only a little help. Mr Vaughan-Jackson suggested a combination of tenodesis and tendon 
transplant which he had found very effective to improve the function of the hand. 


Birth palsy—A boy of seven with the left upper limb grossly affected was shown. Mr Buck said that 
from his recent experience on a course at the Limb Fitting Centre, Roehampton, he thought that an 
amputation and above-elbow prosthesis would give a better functional result than any other form of 
surgery: the shoulder girdle muscles were normal and the child was not making any use of the hand. 
Mr J. H. Mayer and Mr F. G. St Clair Strange disagreed, pointing out that at least some improvement 
could be hoped for by arthrodesis of the wrist and tendon transplants using the still active palmatis 
longus and flexor carpi ulnaris. 


Hallux valgus and hallux rigidus— Mr Gervis discussed his cases of metatarsal osteotomy with removy .\! 
of the base of the phalanx. He showed convincingly that removal of the base of the phalanx ws 
compatible with good function of the toe; he also mentioned a new feature, namely a degeneraticn 
of the sesamoids. He said that in several operations for hallux rigidus the joint surfaces hid 
appeared normal and that only when the sesamoids were examined did the irue pathology cone 
to light. He suggested that more attention should be paid to the sesamoids in both valgus and rigid: s 
because the pathology might be limited to one or other of these bones in some cases. 
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er cases—Among several cases not discussed a Thompson’s quadricepsplasty deserves special 
ition. A man of twenty had sustained a compound fracture of the left femoral shaft and left patella 
years before. The range of flexion by the time union was completely sound was only 10 degrees. 

vastus intermedius was excised and a sheet of fascia interposed between the rectus muscle and 
femoral shaft; four months later the range of knee movement was 85 degrees; he had good power 
| only a slight extension lag. 

Rare cases included those of a man of thirty-one who had had a mesenchymoma removed from 
popliteal fossa two years before with recurrence; and a woman of thirty-five who had a synovial 
ernous haemangioma of the knee removed with excellent result. 


EAST ANGLIAN ORTHOPAEDIC CLUB 


A meeting of the East Anglian Orthopaedic Club was held at the West Suffolk General Hospital, 
y St Edmunds, on May 30, 1959. The clinical meeting was directed by Mr D. J. Martin. 


putation of legs—Mr E. A. Smyth, Limb Fitting Surgeon to the Ministry of Pensions, Cambridge, 
; introduced by Mr D. J. Martin. He spoke on the points of importance in amputation at all levels 
the leg and discussed suitable artificial limbs for these amputations. He discussed the value of 
tion sockets in high femoral amputations and demonstrated their use in a patient. 


les’s fractures— Mr D.C. Tennant reviewed the end results of Colles’s fractures treated by complete 
»w-elbow plasters and those treated by a posterior plaster slab which could be kept firmly applied 
sughout the period of use by a crepe bandage. He believed that this latter method maintained 
uction more consistently than did any other method. 


» diseases— Mr D. J. Martin demonstrated four cases of hip disease in which the diagnosis was 
joubt but which proved eventually to be cases of streptococcal arthritis, myelomatosis, tuberculous 
cess in the femoral neck and a synovial chondrosis in a man who was later found to be suffering 
m sclerosing myelitis. 
iovements of big toe in flat feet—Mr A. Bain had studied the movements of the big toe in painful 
flat feet, finding that in the neutral position the interphalangeal joint was hyperextended. There was 
considerable reduction in active plantar flexion at the metatarso-phalangeal joint. These changes 
were attributed to lack of intrinsic muscle power. 


Over-bed frame for crippled patient—Mr Martin demonstrated an over-bed frame which could be 
fitted in a private house to enable a crippled patient to get himself out of bed and on to a commode 
without help. 


FRANCE 


LA SOCIETE FRANCAISE D’ORTHOPEDIE ET DE TRAUMATOLOGIE 


The thirty-fourth annual meeting of the Société Francaise d’Orthopédie et de Traumatologie was 
distinguished by an important event. On Monday, October 5, three Ministers—of Labour, of Health 
and of Education—opened the new block for orthopaedics, and more particularly the treatment of 
injuries, at the Hépital Cochin. This superb building, the outcome of the unremitting efforts of 
Professor Robert Merle d’Aubigné, cost about a million pounds. This is not the place to describe it in 
detail because it will no doubt be studied with care by the many members of our Association who 
Visit this great orthopaedic centre. However, three features are remarkable. There are no large wards, 
only rooms containing from one to four beds, and the atmosphere is that of a well appointed private 
clinic. The operation theatres are exceptionally good. They have been kept as small as possible; 
the illumination is from outside the theatre by a huge light of the scyalitic variety that can be moved 
every way by a motor; and there is a room on top of the four theatres from which operations can be 
\ewed with ease and comfort. Professor Merle d’Aubigné’s service has always been particularly 
¢ ncerned with injuries, and there is a special ward for the treatment of burns where patients are 
rursed in a sterile atmosphere and can talk to those who visit them “ par interphone.” It was a 
source of great satisfaction to his many friends when, at the end of the opening ceremony, Professor 
‘terle d’Aubigné was decorated with the Order of Officer of the Legion of Honour. 

On the following day there was a second, more intimate affair, a purely medical gathering. 
! rofessor P. Mathieu, Professor Merle d’Aubigné’s predecessor, presided. This quiet, modest, grand 
cid man of French orthopaedics described how he had started planning a new department in the 
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early thirties. Progress was slow, and then came the war. Nevertheless, a quarter of a century 
his ambitions had been realised. Afterwards, one of his contemporaries was heard to say, a ttle 
wistfully, “* we were born too soon.” 

Two subjects were debated in great detail and the report on each was a first class docume © of 
permanent value as a work of reference. 




























** Lombalgies dites d’effort ’°— Dr A. Beau (Nancy) and Dr A. Lemoine (Paris) dealt with this r 
forbidding subject. Naturally enough degenerative changes in the intervertebral discs receiv | a 
good deal of attention and likewise the place of discography in diagnosis. A very full discu: on 
added little, alas, to what is already known, but it was a good exercise to have the subject tidic 

so well. 





Fractures of the carpal scaphoid bone— Dr EF. Trojan (Vienne) and Dr G. de Mourgues (Lyon) 
equally ably with this second major topic. Their report and the subsequent discussion empha: ce 
two points. Radiographic appearances suggestive of delayed union or even of non-union need jot 





Professor Robert Merle d’Aubigné receiving the award of the Legion of Honour. 


cause alarm: the fracture often united well later. Even established non-union might be compatible 
with good function, and bone grafting was seldom indicated. 


Of the many short papers two were remarkable for their contrast. Both concerned structural 
scoliosis. Drs P. Stagnari (Lyon), P. Queneau (Paris), J. Dunoyer (Paris) and J. Desbrosses (Lyon) 
advocated a conservative approach. They attached great importance to the prognostic categoric 
described by Ponseti and by James, and when there was a progressive curvature their objective wi 
to correct and hold it by non-operative means. And in this they achieved a fair measure of success 
Yet grafting the spine was often necessary, though they had no illusions about the difficulty o 
maintaining full correction by this means. Professor A. Gruca (Warsaw) suffered from no inhibitions 
He went boldly for his scoliotics, performed a cuneiform osteotomy at the apex of the convexity an 
used corrective internal springs, attached either between the transverse processes or, in the lumba 
region, between the lumbar pedicles and the iliac crest. In some cases the curve was corrected ver) 
soon, in others as the child grew. 

The formal meeting concluded with a joint session with the French Society of Plastic Surgery and 
on the last morning, there was an excellent exhibition of films in the new lecture theatre at the 
orthopaedic clinic. 
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ITALY 


ITALIAN ORTHOPAEDIC ASSOCIATION 


ie forty-fourth annual meeting of the Italian Orthopaedic Association was held in Rome on 
Octc 2r 23-25, 1959, under the presidency of Professor C. Marino-Zuco. 

1e main subject, ** New aspects of traumatology in modern life,” was divided into five parts. 
The rst concerned statistical data and was opeiied by Professor L. Giuntini (Genoa); the second 
deal. ¢ with bone lesions was opened by Professor C. Camurati (Bologna); the third, on skin repair, 
by F ofessor A. Bonola (Modena); the fourth, on vascular and nervous injuries, by Professor G. F. 
Fine -hi(Florence); and the fifth, on social aspects and rehabilitation, by Professor M. Paltrinieri (Pisa). 

he subjects were accurately reviewed by the speakers; colour films were shown. Italian members 
and >reign guests took part in the discussions. 

he next meeting will be held in autumn 1960 in Florence under the presidency of Professor O. 
Scag ietti. The main subject will be: “* Modern treatment of osteoarticular tuberculosis.” 


ANNOUNCEMENTS 


BRITISH ORTHOPAEDIC ASSOCIATION 
ARRANGEMENTS FOR MEETINGS IN 1960 


\s already announced, the spring meeting of the British Orthopaedic Association will be held in 
Glasgow from April 7 to 9. The autumn meeting will be held in Leeds from October 28 to 29 and it 
will be preceded by an Instructional Course on October 27. Those who wish to submit papers for 
possible inclusion in the programme for the autumn meeting are asked to send a précis of about 400 
words to the Honorary Secretary, British Orthopaedic Association, 47 Lincoln’s Inn Fields, 
London, W.C.2. The closing date for receipt of papers offered will be June 30. 


LIMB FITTING CENTRE, ROEHAMPTON 
SPRING COURSE 


lhe spring course for orthopaedic consultants and senior registrars on the * Rehabilitation of 
the Amputee *° will be held from March 28 to April 1, 1960, at the Limb Fitting Centre, Queen Mary’s 
Hospital, Roehampton, London, S.W.15. Applications should be made to the Principal Medical 
Officer, Artificial Limbs and Appliances (Med. 5 PL), at that address. 


THE GERMAN ORTHOPAEDIC ASSOCIATION 


The 1960 Congress of the German Orthopaedic Association will take place in Berlin from 
October 19-22 under the chairmanship of Professor Dr A. N. Witt. 

The probable chief subjects are as follows: 1) mineral metabolism of bone, excluding senile 
conditions; 2) pathology of tendons and tendon sheaths; 3) radiological diagnosis and radiotherapy 
in orthopaedics; 4) delayed callus formation and pseudarthrosis; 5) practical orthopaedics and 
free papers. 


UNIVERSITY OF HONG KONG 
LECTURESHIP IN ORTHOPAEDIC SURGERY 


Applications are invited for the post of Lecturer in Orthopaedic Surgery. 

Annual salary (superannuable) is: £1,575 x £50-£2,175 for a man or £1,200 x £40-£1,680 for 
a\ man, together with an expatriation allowance of £225 a year if applicable. The equivalent 
of 2ome tax in the Colony is comparatively low. 

irst class sea passages are provided for expatriate staff and their families on first appointment 
anc eaves. 

urther particulars and information about the method of application may be obtained from the 
Sec tary, Association of Universities of the British Commonwealth, 36 Gordon Square, London, 
W. 1. 

‘he closing date for the receipt of applications, in Hong Kong and London, is April 8, 1960. 
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PROCEEDINGS AND REPORTS OF COUNCILS AND ASSOCIATIONS 


CORRESPONDENCE AND PRELIMINARY COMMUNICATIONS 


DISAPPEARING BONES 


From B. SouTAR Simpson, Golspie, Sutherland, Scotland 


To the Editor of the Journal of Bone and Joint Surgery: 


: s 
Sir, 
In view of the widespread interest shown recently in the condition of disappearing bones, it nay 
be opportune to add a short postscript to the paper describing a case affecting the bones of the ot, 
published in 1937 in the Journal of Bone and Joint Surgery. 
The localised injury to the foot, which preceded the decalcification, occurred in a girl in 26 
She has since remained under my personal observation for a period of over thirty years. 
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Fic. | 
Recent antero-posterior and lateral radiographs of the foot. 


In 1937 the opinion was expressed that bones which had disappeared had been replaced by 
tissues which gave sufficient stability to prevent further deformity. During the years the foot has 
remained functionally useful and the patient, now aged forty-five years, leads a reasonably active life. 
She can walk up to five miles, cycle long distances, and drive a car 300 miles in a day, without any ext 
feeling of discomfort. During all these years there has been a complete absence of pain, and there 
are no trophic changes. Radiographs taken at intervals have shown progressive recalcification 
in the remaining bones (Fig. 1). 


Yours truly, C 
B. Soutar Simpson Ci 


Simpson, B. S. (1937): An Unusual Case of Post-traumatic Decalcification of the Bones of the Foot. Jour 
of Bone and Joint Surgery, 19, 223. 
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Book Reviews 


sical Treatment of Bone and Joint Tuberculosis. By Robert Roar, M.Ch.Orth., F.R.C.S.Ed., 
F.R.C.S.Eng., Robert Jones and Agnes Hunt Orthopaedic Hospital, Oswestry, and Department 
of Orthopaedic Surgery, Liverpool; W. H. KirRKALDY-WILLIs, M.D., F.R.C.S.Ed., Orthopaedic 
Centre, Nairobi, Kenya; and A. J. M. CatHro, M.B., Orthopaedic Centre, Nairobi, Kenya. 
Foreword by Harold Boyb, M.D., F.A.C.S., The Campbell Clinic, Memphis, Tennessee. 10 x 7 in. 
Pp. viii+137, with 90 figures and 10 tables. Index. 1959. Edinburgh and London: E. & S. 
Livingstone Ltd. Price 30s. 


What a revolution has taken place in the treatment of surgical tuberculosis since the advent of 
biotics! The older surgeons, and many not so old, dared not attempt a direct attack on the lesion 
fear of dissemination, persistent sinus formation and secondary infection. But now, as this excellent 
k shows, the tuberculous lesions may be entered with impunity and, in fact, it is the method of 
ice. The authors not only drain the abscesses, remove sequestra and do a thorough clearance, 
y also insert bone grafts in areas formerly occupied by tuberculous pus—an unthinkable procedure 
reas of non-tuberculous infection. Perhaps this, too, will some day be possible. 

A chapter is devoted to each of the joints and indicates methods that the authors have found 
cticable in isolated and under-developed areas where no special centres or long-term orthopaedic 
pitals are available. One of the most interesting chapters is that on the spine, where the modern 

peration is well described and beautifully illustrated. In this connection one hesitates to accept 
statement earlier in the book that ** the operations now advised are . . . simpler”, but would rather 
ee with the authors when they say that they can only be carried out if the surgeon has considerable 

xperience and skilled assistance. A good description is given of two methods of arthrodesis of the 
: One an arthrodesis by stapling and the other the abduction osteotomy of Abbot and Fischer, 
th of which are stated to be simple, safe and effective in practice. 

This is an excellent text-book, beautifully produced and illustrated. It is a pity, particularly for 

those with library facilities, that there are no references.—Walter MERCER. 


Arterial Embolism in the Limbs. The Clinical Problem and its Anatomical Basis. By A. L. JAcoss, 
M.A., D.M. (Oxon.), F.R.C.P., Physician to the Whittington Hospital, London. Foreword by 
C. G. Ros, M.C., M.A., M.Chir. (Cantab.), F.R.C.S., Professor of Surgery, University of London; 
Surgeon to St Mary’s Hospital, London; Consultant in Vascular Surgery to the Army. 107 in. 
Pp. xii+200, with 37 figures and 51 tables. Index. 1959. Edinburgh and London: E. & S. 
Livingstone Ltd. Price 35s. 


This admirable contribution to the literature of arterial occlusion is the outcome of observations 
*\tending over the sixteen years from 1938 to 1954. In this period Dr Jacobs has personally studied 
2 embolic incidents in sixty-nine patients (fifty-five of whom died), and has searched for evidence 
old arterial occlusion in 269 patients with mitral stenosis and in 300 controls without heart disease. 
ie has gone over 2,900 necropsy records, and has made a study of the collateral circulation in human 
davers by arteriograms, many of which are beautifully reproduced in his book. Every aspect of the 
nical problem of human arterial embolism is considered in detail so that, naturally enough, the 
00k reads more like a thesis than an essay. Having stated his case, Dr Jacobs gives a detailed 
mmary of his opinions, the protocols of eighty-one cases, and a comprehensive list of literature. 
He shows that limb embolism is rare in patients without heart disease. Indeed, he makes no 
ontion of embolism after operation. Embolism in his opinion, and surely he is-right in this, is 
ually the result of the transmission of newly formed intracardiac thrombi which have never been 
herent. His experience enables him to be dogmatic about some matters; * in limbs with adequate 
\llateral circulation, signs of grave ischaemia do not persist for more than two hours after onset’, 
statement whose importance cannot easily be exaggerated. 
Dr Jacobs found evidence of ischaemic muscle damage in seventeen of his sixty-eight patients, 
it only two of these developed actual contractures. Six of the other fifteen died or underwent 
1putation within thirty-two days of the embolic incident; the incidence of contracture might have 
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been higher had more survived. The author, in my view quite rightly, comes down on the sid: of 
embolectomy as the ideal method of treatment of emboli proximal to the popliteal and brac ial 
arteries, though only six embolectomies were performed in this series. The death rate might have t ‘en 
lower had the operation been done more often. The relative rareness of embolectomy in his ¢ ses 






















Fic. 10 (Case No. 30) 
Embolism of aortic bifurcation. Autopsy specimen, 
removed from lower aorta. It consists of a Y-shaped 
embolus which lay at the bifurcation, with a super- 
imposed * pillar thrombus.”’ The latter shows striation, 
suggesting deposition of successive layers from below 
upwards. 


rather vitiates his conclusions about the operation, and particularly impairs the validity of his suggest 
that embolectomy rather than embolism may be the cause of ischaemic contracture, a sugges! 
completely at variance with the experimental production of the Volkmann lesion. 

I found this a stimulating, interesting and authoritative document, which will be a constant sot 
of reference for all interested in arterial embolism.—D. Ll. GRIFFITHS. 
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extbook of British Surgery. Edited by Sir Henry Souttar, C.B.E., D.M.(Oxon.), F.R.C.S., Consulting 
Surgeon, London Hospital; and J. C. GoLiGHer, Ch.M. (Edin.), F.R.C.S. (Edin. and Eng.), 
Professor of Surgery, University of Leeds, and Surgeon, Leeds General Infirmary; with seventeen 
other contributors. Volume IV. 1073 in. Pp. viii+699, with 405 figures and 4 tabies. Index. 
1959. London: William Heinemann Medical Books Ltd. Price £5, 5s. 


This is the fourth and last volume of a work “ intended to interest . . . general surgeons, registrars, 
stgraduate students and those reading for the Fellowship and other higher examinations.” The 
ree earlier volumes covered much of the surgery of the body cavities and of fields traditionally 
ose of the so-called ‘** general surgeon’; this volume is concerned mainly with orthopaedics. 
r Henry Souttar and Professor Goligher have called Mr Capener to their aid in its preparation 
dediting. The title of the work is a little misleading unless one appreciates that the term “* textbook ~ 
‘es not imply a comprehensive account of all aspects of the subject. Moreover, though the authors 
e British, the surgery they describe is international in origin and in practice. The book is intended 

be didactic and authoritative; it succeeds in both these aims. The postgraduate student of 
thopaedics will find it invaluable, for it gives a clarity of direction and of analysis of opinions 
hich is quite remarkable in a book by several authors. 

The authors themselves (there were seventeen) were all active practitioners of their specialities 
hen they wrote their contributions. They therefore describe the surgery of to-day, and with a 
iiformity of quality in their contributions that says much for the skill of the editor. Norman Capener, 
iwson Dick and O. J. Vaughan-Jackson are responsible for ten of the twenty-one chapters, but 
one of the other fourteen authors is responsible for more than one chapter each. It would be invidious 
» select chapters for especial praise but, even so, one must point out Vaughan-Jackson’s masterly 

-view of hand surgery in only fifty-six pages, J. M. P. Clark’s commonsense analysis of modern 
acture treatment (in only seventy-four) and John Watson’s chapter on burns as just what the 
ostgraduate wants. Capener on general orthopaedic principles has given an outstanding introduction 
the speciality. Adverse criticisms of the text would reveal nothing better than differences of opinion 
xetween the reviewer and some of the authors on matters of minor importance, and there can be 
othing but praise for the way in which first things are put first, and in which important if controversia! 
natters are presented. The excellence of the text, however, emphasises the poverty of many of the 
llustrations; and the high standard of the editing of the subject matter equally emphasises the way in 
which some of the pictures are presented out of order and even somewhat distant from the text they 
llustrate. Such a book deserves better illustrations than, for instance, Figures 23, 12 and 13, and more 
care in the arrangement of pictures than is shown in Figures 16 and 76. Figure 122 appears again as 
Figure 212 with no clear reason for the duplication, and the general standard of reproduction of 
radiographs is not good enough. These are, however, remediable faults. The selection of references 
by most of the authors is sound and helpful; the book is well printed and easy to read; the index is 
idequate. I strongly recommend this work to all postgraduate students.—D. LI. Grirritus. 


Surgery in World War II. Physiologic Effects of Wounds. By the Board for the Study of the Severely 
Wounded, North African-Mediterranean Theater of Operations. Report of the Board edited by 
Henry K. BEECHER, M.D., Formerly Lt.-Colonel, M.C., A.U.S. Prepared and published under 
the direction of Major General George E. Armstrong, the Surgeon General, United States Army. 
10x 7in. Pp. xi+376, with 30 figures, 17 in colour, and 121 tables. Index. 1952. Washington: 
Superintendent of Documents, U.S. Government Printing Office, Washington 25, D.C. 
Price $3.50. 


This is a monograph of outstanding merit, extremely well and indeed lavishly produced. It has also 
‘reat human interest because few comparable scientific studies have been carried out under such adverse 
onditions: details of organisation and photographs of the team in action allow the reader to appreciate 
he very great part that team organisation played in these studies, led by Beecher with a group of six 
ther distinguished colleagues (Simeone, Burnett, Smith, Shapiro, Sullivan and Tracy Mallory). Despite 
wud, wind, dust, rain, frost and difficulties of supply, these men have made a very substantial 
ontribution to the understanding of the mechanism of mechanical injuries in man. Their interest 
vas from the first focused on anuria; but, although chapters on renal damage occupy the major 
ortion of the text, they are illumined throughout by observations on and realisation of the * total 
ody response *’. 

Of the 186 patients studied sixty-five died (35 per cent), fifty-one with renal failure and thirty-five 
’ these with uraemia as the chief cause of death. The most interesting part of the monograph is that 
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dealing with renal damage and pigment nephrosis. Pigment casts were found in all patients w th 
renal insufficiency surviving for three days or more: there is a full and detailed discussion of 1 x¢ 
genesis of these lesions based on renal function studies and on pathological appearances correlat :d 
with clinical data. The patients are classified as predominantly myoglobin- or predominan |\ 
haemoglobin-excretors, but the division is based on alkalinisation and subsequent benzidine estimati \n 
because unfortunately the team had no adequate spectroscope. Even with a reversion spectrosco) e. 
the met-form in which urinary myoglobin is frequently found needs reduction with hydrosulphite to )e 
recognised before conversion to the carboxy-form. In addition, myoglobin frequently seems to appeat 
the urine as acid haematin casts, and in this form it is indistinguishable from the acid haematin deriv d 
from haemoglobin. The authors believe that a shock-like state initiates the renal lesion and tl 
perhaps pigment makes it progressive, but cautiously refuse to speculate further on these data. 1 
roles of blood or plasma loss, of transfusion with special reference to isoagglutinins and the haemoly 
occurring in stored blood, and of sulphonamides are discussed in detail but were not thought to be 
prime importance. The treatment of nephrosis was disappointing, but in none of the cases of cru 
syndrome was early alkalinisation performed (because of late diagnosis). Other causes of death a e 
not clearly presented but were mainly represented among those whose survival was short. 

This study will be of lasting interest to orthopaedic surgeons and others dealing wi 
traumatology, not only for its historical value, but because of the unique recording of combin 
data on many of the unsolved problems of their daily work: it will form a landmark for mar \ 
years to come.—E. G. L. BYWATERs. 


aos 


Surgery in Wor'd War II. Neurosurgery—Volume I. Edited by R. Glen SpuRLING, M.D., Profess: 
of Neurosurgery, University of Louisville School of Medicine, Louisville, Ky.; formerly Colone 
M.C., A.U.S.; «nd Barnes WooODHALL, M.D., Professor of Neurosurgery, Duke Medical Schox 
and Hospite!, Durham, N.C.; formerly Lieutenant Colonel, M.C., A.U.S.; with twelve othcr 
contributors, Yrepared and published under the direction of Major General S. B. Hays, the 
Surges: Generali, United States Army. Editor in Chief: Colonel John Boyd Coates, Jun., M.¢ 
107 ir. Pp. xix +466, with 133 figures and 23 tables. Index. 1958. Washington: Superintende: 
of Documents, U.S. Government Printing Office, Washington 25, D.C. Price $5.00. 


4. history of surgery in the second world war is in course of preparation by the Medical Departme: 
of the United States Army. Two volumes are devoted to neurosurgery. The first of these has bee: 
oublisted and deals with the organisation of the neurosurgical services and the care of head injurie 
at al! stages after wounding. The second volume will deal with spinal and peripheral nervy 
injuries. 

The first volume is edited by Drs R. G. Spurling and Barnes Woodhall, contains 466 pages and i 
beautifully produced and illustrated. Although fourteen authors have contributed sections there i 
little overlap between these, and the quality of almost every section is extremely high. The early 
chapters are concerned with the planning and development of neurosurgical services in the Unitec 
States itself and in the European and Mediterranean theatres, and reveals what can be achieved by 
excellent organisation. Thus the nine neurosurgical centres set up in the United States in August 1942 
each with 150 beds, had increased in two years to nineteen, each with 350—S00 beds, and within anothe: 
year certain of these hospitals had 2,000 beds. Although a programme of training for military 
neurosurgeons was instituted early in the war, it is no surprise to hear that it was sometimes difficult 
to find what was considered to be the appropriate medical staff for these numerous centres—in 
particular ward officers. When the demand for neurosurgeons overseas developed, the problem ot 
distribution also was difficult. The assistance of organic neurologists would have been invaluable 
but their scarcity in comparison with neuropsychiatrists rendered such aid infrequent. The consultant 
neurosurgeons made valuable contributions in disseminating knowledge through visits, newsletters 
and conferences. In all theatres of operations it was believed that neurosurgeons could be most 
profitably employed in evacuation hospitals fifteen to twenty miles from the front, the patients being 
transferred to neurosurgical centres some days later. 

The greater part of the volume is given over to the consideration of treatment in the head injuries 
of modern warfare, and contains several outstanding contributions. In one of these the modern 
management of missile wounds of the head receives detailed attention. The post-operative fatality 
rate in several groups of patients thus treated was about 14 per cent. Another 12 per cent of the 
patients reaching hospital after a head injury died without treatment. These figures give eloquent 
testimony to the success of the plans for treating neurosurgical casualties and the skill of those who 
carried them out. 
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Another excellent contribution deals with post-traumatic epilepsy. Almost 250 patients were 
yjected to a carefully planned study. In 55 per cent seizures were controlled medically for at least 
ir months; 17 per cent were lost to the investigation; and in 28 per cent the attacks remained 
controlled. Two-thirds of the latter group of sixty-six patients were treated surgically. From the 
ly results it is considered that surgical measures may have a limited place in the management 
post-traumatic epilepsy unresponsive to medical measures. 

Other articles deal with pathological aspects of missile wounds, blast concussions, infective 
nplications of brain wounds and ventricular penetration by missiles, as well as the repair of skull 
ects. Perhaps the only omission is the discussion of the rehabilitation and resettlement of patients 
th brain wounds. Such a section would have completed the story of the group of patients so fully 
isidered from other viewpoints. 

This contribution to the history of surgery in the United States Army in the second world war 
i very valuable one. It is a fascinating account of the development of the army neurosurgical services 
d their utilisation during the greatest of wars. Moreover, it provides in readily available form 
tailed information which would be invaluable to those concerned in the development of a military 
urosurgical service in the future, should the need for this arise.—J. E. A. O°CONNELL. 


, 


o- - 


| ead Injuries: Mechanisms, Diagnosis and Management. By E. S. GuRDJIAN, M.D., Professor of 
Neurological Surgery and Chairman of the Department of Neurosurgery, Wayne State Uni- 
versity College of Medicine; Department of Neurosurgery, Grace and Detroit Memorial 
Hospitals; and J. E. Wesster, M.D., Associate Professor of Neurological Surgery, Wayne 
State University College of Medicine; Department of Neurosurgery, Grace and Detroit 
Memorial Hospitals. 9563 in. Pp. 482, with 108 figures. Index. 1958. London: J. & A. 
Churchill Ltd. Price £5. 


To review a book on head injuries in an orthopaedic journal is perhaps a sign of the times. The 
umber of road accidents and the frequency of head injuries means that these injuries are as much 
the concern of the general and orthopaedic surgeon as they are of the neurosurgeon, and indeed most 
head injuries in this country are treated outside neurosurgical units. Books on head injuries, therefore, 
will attract both the general and the specialist reader. 

In the present volume the authors, who are Professors of Neurological Surgery at the Grace and 
Detroit Memorial Hospitals, set out their results and experiences, extending over twenty-five years, 
oth clinical and experimental. Neurosurgeons will be familiar with the many contributions these 
authors have already made in this field. Their stresscoat technique for studying the mechanisms of 
skull fracture after experimental blows to the head is fully described, as are their pathological studies 
to support the contention that changes in the brain stem always accompany concussion. In the clinical 
section the various syndromes and complications after head injury are described. There might perhaps 
have been more discussion on the actual problems in diagnosis and differential diagnosis which can 
be particularly worrying in the setting of multiple injuries. As might be expected from a series drawn 
from a neurosurgical unit, the ready availability of the ancillary methods of diagnosis including 
angiography, air studies and electroencephalography has allowed a full consideration of their place 
in diagnosis, although not all neurosurgeons will agree with the authors’ enthusiasm for early bilateral 
angiography in preference to exploratory burrholes, and the method of air encephalography advised 
is surely heroic. But the authors have accomplished what they set out to do, and, within the compass 
of a modest sized but well produced book, have included a description with statistics and results of 
most of the problems of head injuries, in both the acute and later stages, that the surgeon is likely 
to encounter. There are numerous illustrations; in places they have been too compressed for 
clarity and their small size is sometimes a disadvantage, particularly in the reproduction of the 
angiograms. 

This book is essentially one for the specialist, who will be grateful not only for the careful analyses 
of the abundant material that the authors have collected, but for the well selected bibliography at 
the end of each chapter. There is a vast literature on head injuries and the references given will form 
a reliable basis for anyone wishing to take his studies further on any particular aspect. The opening 
chapter on the early history of the treatment of head injuries has also involved a good deal of historical 
research, and one would like to congratulate the authors particularly on this fascinating chapter. 
If the general surgeon away from a special centre would have wished for more detailed guidance on 
the intricate problems that may arise in any one case, he will nevertheless find this book a useful 
reference volume to which he will rarely turn in vain.—Walpole Lewin. 
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Open Reduction of Common Fractures. By Oscar P. HAmpTOoN, Jun., M.D., F.A.C.S., Assist 
Professor, Clinical Orthopedic Surgery, Washington University School of Medicine, St Lox 
and William T. Fitts, Jun., M.D., F.A.C.S., Professor of Surgery, Schools of Medicine, Univer: 
of Pennsylvania, Philadelphia; Chief, Surgical Division II, Hospital of the University 
Pennsylvania. 96} in. Pp. ix+212, with 72 figures. Index. 1959. New York and Lond 
Grune & Stratton. Price £3, 2s. 


This small book on the open reduction of common fractures will probably be successful beca 
the emphasis is on the practical details of technique. It will therefore appeal to those who shy w! 
presented with theoretical chapters in which cherished techniques may be sicklied over with the | 
cast of thought. It is a plain statement of a surgical repertoire found to be satisfactory by 
practising surgeons. It is obvious that the writers are not only skilled operators and well qualifie< 
teach the craft of operative surgery, but that they also have a very pleasant and economical lite: 
style. The point at issue is whether a surgeon who needs such a small compendium ought to perf« 
open operations on common fractures and whether men who have already served a pract 
apprenticeship to orthopaedics and traumatic surgery in a reputable teaching clinic will be hel; 
by this book at the really difficult parts of a surgical procedure. Within the scope of 200 pa 
O. P. Hampton and W. T. Fitts have succeeded eminently well in covering the whole scope ot 
enormous problem. It is to their credit that they show no bias towards “ plugging ~ any partici 
technique, and employ all the modern methods now available for internal fixation and use then 
their appropriate sites. It is this aspect of the work which will probably be of the greatest assista 
to surgeons interested in the operative treatment of fractures.—John CHARNLEY. 


Uber Frakturen am Oberen Humerusende. Eine Klinische ROntgenologische und Experimente 
Untersuchung. By Pauli Torepi. Annales Chirurgiae et Gynaecologiae Fenniae, Volume 4 
Supplement 83. 9} 6} in. Pp. 164, with 31 figures and 23 tables. 1959. Helsinki: Societ 
Medicorum Fennica Duodecim. Price F. mk. 400. 


In the light of an extensive literature and a few experimental researches the author considers thx 
results of 265 cases of injury to the upper end of the humerus. He rightly states that there is no unifot 
classification of these fractures and suggests their division into: 1) abduction fractures, 2) extensio: 
fractures, 3) adduction fractures, 4) fracture-dislocations, 5) impacted fractures, 6) fractures of thc 
greater tuberosity (he saw no fractures of the lesser tuberosity), 7) fractures by direct injury. This 
anatomical classification is based on the end position of the humeral head, and is related to th 
causative violence. It demands a radiograph in abduction to determine the correct correlation o 
head and shaft. Children suffer from: 1) metaphysial fractures, 2) epiphysial fractures, 3) fracture 
dislocations. No mention is made of the multiple avulsion fractures in complete disruption of the shor 
rotator cuff, or of the depressed fractures of the humeral head associated with anterior and posterio 
dislocations. Treatment is relatively straightforward, and the adducted position of the arm is generall) 
recommended as the position of physiological rest. It is pointed out that elderly people tolerate the 
abducted position badly. Early mobilisation is advised. Subluxation of the shoulder joint in associatioi 
with these injuries is briefly discussed, but pseudo-dislocation of the impacted and deformed humera 
head is overlooked. This is an excellent review of the case material available, but, as this does no 
include all varieties of injury, the work is necessarily left incomplete.—J. G. BONNIN. 


Reconstruction Surgery and Traumatology/Chirurgie Réparatrice et Traumatologie, Wiederherstellungs 
chirurgie und Traumatologie. Edited by M. LANGE, Miinchen, with fourteen other contributors 
Volume V. 937 in. Pp. vii+-304, with 142 figures. 1960. Basle and New York: S. Karge! 
Price S. fr. 79. 


The fifth volume of articles on traumatology is well up to the standard of the previous fou! 
volumes published during the past four years. It contains the papers given at a symposium by) 
internationally famous orthopaedic surgeons under the general editorship of M. Lange of Munich. 

The first two papers, on supramalleolar fractures, by Compere of Chicago and Witt of Berlin 
cover the problem completely, except for rehabilitation which is not mentioned. The vasculat 
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ymplications are well set out in Witt’s paper (in German). There are four papers on traumatic 
‘crosis of the head of the femur, one in French by Merle D’Aubigné of Paris, one in English by 
ills of Buenos Aires, and two in German by Zanoli and Zappoli from Bologna and Viernstein and 
Jantzen from Munich. Although there is nothing new in these papers, the reasoned arguments for 
ablished principles in treatment are well worth reading. The next four articles deal with adolescent 
xa vara (slipped upper femoral epiphysis). Guilleminet and Faysse from Lyon, in a study of seventy- 
e cases, found manipulation useless. They condemned high osteotomy and found good results 
er conservative treatment for early non-progressive cases. The best results for severe deformities 
re found when intertrochanteric osteotomy was delayed until the slipped epiphysis had fused. 
2itenfelder from Kassel presents a strong case for stabilising the slipped epiphysis by bone nail or 
1e peg, and ascribes necrosis of the head after operation to the use of excessive force. Imbhiéuser 
ortmund) also pins the femoral head that is only moderately displaced, and describes an 
ertrochanteric wedge osteotomy for severe displacement, which he has used for the past ten years 
h success in 88 per cent of cases. Von Heinz Pitzen (Munich) asserts that no method of treatment 
vents the inevitable late arthritis, and finds that bone pegging brings about stabilisation of the 
physis three times as quickly as nailing. In Lange’s clinic any operation is condemned that opens 


e 
t! - joint, and attempted reduction of the deformity before bone pegging is not advised. 

The views expressed in this beautifully produced volume are sound and authoritative and should 
b. of considerable interest to orthopaedic surgeons, including those with meagre linguistic ability.— 


W. PLEWES. 


~ 


ctualités de Chirurgie Orthopédique et Réparatrice. Forums tenus dans le service du Professeur 
R. MERLE D’AusiGng£, 1958-1959. 1. Fractures Ouvertes de Jambe; 2. Fractures des Deux Os 
de l’Avant-bras; 3. Fractures et Luxations du Rachis Cervical. 10? x8} in. Pp. 88, with 44 figures 
and 12 tables. 1959. Paris: L’Expansion Scientifique Francaise. Price N.F. 8.70. 


It is the custom at the Cochin Hospital in Paris to have a forum several times a year on problems 
of trauma. Three of these were held by Merle D’Aubigné and his colleagues in the session 1958-59 
and are reported in full in Actualités de Chirurgie Orthopédique et Réparatrice. Each section is 
introduced by Merle D’Aubigné. 

The first section concerns compound fractures of the leg and includes articles by Parisian and 
Provincial surgeons. Merle D’Aubigné explains that improved results are not due to antibiotics or 
internal fixation but to proper excision, adequate covering of denuded bone and better immobilisation. 
He stresses the necessity of incising the deep fascia to allow for swelling, and he uses primary internal 
fixation infrequently. Gosset (Paris) thinks that internal fixation is an important initial procedure 
and uses this principle in three-quarters of his cases. Trillat and Maret (Lyon) are also in favour 
of immediate internal fixation in certain cases. Decoulx (Lille) favours pin fixation of upper and lower 
ends of the shaft, and plaster as the best method of fixation. Michon (Nancy) and Vilain (Paris) find 
better results in a five-year study in those cases treated by internal fixation. Blanguernon (Nanterre) 
points out the advantage of immediate internal fixation in dealing with a patient suffering from 
delirium tremens. 

In the second section fractures of both bones of the forearm are dealt with. Mervyn Evans 
(Swansea) presents his well known and well respected views on the rotation element in this injury, 
how to detect it and how to deal with it by conservative means. Sorrel and Mme Sorrel-Déjerine 
present cases to show how angulation in children can be completely corrected in time by moulding. 
erle D’Aubigné and Moreau (Paris) present their method of dealing with adult fractures of both 
nes of the forearm by the Danis plate and bone grafting. 

The third section is devoted to fractures and dislocations of the cervical spine. Ramadier and 
rraguin (Paris) record their experiences in some detail in a series of eighty-three cases, particularly 
relation to the early treatment, which is very similar to orthodox treatment in Britain. Pertuiset 
iris) records the point of view of the neurosurgeon. Bitker (Paris) deals with the urological 
mplications and their prevention. Maury (Fontainebleau) reviews twenty-two cases of tetraplegia 
ym injuries to the cervical cord, including the cause of injury, distribution of paralysis and level of 
rd damage, and indications for operation. He also lists the resulting functions possible in percentages 
d outlines the major complications that may affect the prognosis. 

Although there is little that is new in this collection of papers, it should be of considerable interest 
|. orthopaedic surgeons working in accident centres.—L. W. PLEWES. 
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Traumatismes Anciens: Rachis - Membre Inférieur. By R. MERLE D’AuBIGNE, Professeur de Clini 
chirurgicale orthopédique et réparatrice a la Faculté de Médecine de Paris; and J.-O. RAMAD er. 
Professeur agrégé d’Orthopédie a la Faculté de Médecine de Paris. With the collaboratio: of 
J. Caucuorx, J. Duparc, J.-P. LAMARE, A. LEMOINE, P. MAsse, R. MEARY, M. POosTEL, C\, 
TOUBEAU, O. TROISIER and R. TUBIANA. 107 in. Pp. viii+546, with 218 figures. Index. 1 § 

Paris: Masson et Cie, Editeurs. Price 8,500 fr. 


















Merle D’Aubigné and his collaborators state in the preface to this book that the late disabil 
caused by injury are in the main due to failure of early treatment. This is undoubtedly true, bu 
long as accident services and accident surgery are imperfect, such failures will occur and will pre: ent 
to the orthopaedic surgeon some of his most difficult problems. The authors are to be congratul: 
upon a clear, concise and, above all, completely honest account of their experience of such probk 
over the past ten years at the Hdpital Cochin. 

Though the procedures recommended for each deformity are restricted to those of which 
authors have personal experience, one of the pleasant features of this book is the consideration gi 
to the other views, especially those of ** Anglo-Saxon * and American surgeons. This we now aln 
expect from Merle D’Aubigné, who has done so much to bring French- and English-speaking surge 
closer together. 

The book is divided into two parts, first the treatment of ** old injuries * of the spine and sec: : 
of the lower limb. In the first part there is a full description of unreduced and recurrent dislocati 
of the cervical spine and of the back pain caused by “ old” fractures of the thoracic |dorsal) : nd 
lumbar spine. The authors are not impressed by the results of fusion of the thoraco-lumbar and lum 
spine, and prefer in most cases to rely upon exercises to develop increased power in the back muse es 
Whilst agreeing that spinal fusion is often disappointing, many British surgeons have had no gre: 
success by exercises. There is no doubt, however, that the authors are right in insisting that candidit 
for spinal fusion should be most carefully selected. 

The second part of the book is devoted to * old injuries * of the lower limb; is largely concer: 
with the problems of mal-union, non-union and chronic bone infection after fractures; and is excellent 
The chapter on non-union of fractures of the femoral neck is particularly admirable, though no mentio1 
is made of excision of the femoral head with or without osteotomy—an operation rightly favoured by 
many British surgeons. The chapter on stiffness of the knee after fractures of the femoral shaft 
particularly in the lower third, is most interesting and valuable, as also is that on mal-union of fractures 
involving the ankle joint. 

Due emphasis is given throughout the book to the difficulties and dangers of late reconstructive 
surgery, especially when undertaken in the presence of chronic bone infection. We are rightly warned 
that ill-judged major surgery on such patients may well lead to failure from flare-up of the infection, 
and even to amputation. Because of this undoubted truth perhaps the most valuable part of each 
chapter is that devoted to the indications for operation. 

I found this book most stimulating and I am sure that it should have a prominent place in the 
library of all orthopaedic surgeons. If it is possible to enhance the reputation of Merle D’Aubigne 
and his colleagues at the H6pital Cochin then this book will do so.—F. W. HoLDsworTtn. 
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Tumeurs Bénignes des Os et Dystrophies Pseudo-Tumorales. By André TrirFAuD, Professeur agrége a 
la Faculté de Médecine de Marseille. Chirurgien des H6pitaux; and Henri BUREAU, Interne des 
HO6pitaux de Marseille; with the collaboration of Henri PAYAN, Professeur agrégé d’Anatomie 
Pathologique a la Faculté de Médecine de Marseille. With a preface by Pr. Michel SALMon. 
9} x6} in. Pp. vi+279, with 136 figures. 1959. Paris: Masson & Cie, Editeurs. Price 4,200 !r. 


This thoughtful book is the outcome of collaboration between two surgeons and a morbid 
anatomist from the paediatric surgical and orthopaedic unit and the University of Marseille. As the 
title suggests it deals not only with the well recognised benign tumours of bone but also with a number 
of ** pseudo-tumoral *’ lesions such as simple bone cyst, aneurysmal bone cyst, brown tumour 0! 
hyperparathyroidism and eosinophil granuloma. It is a pity that fibrous dysplasia is not include |, 
because it may, particularly in its solitary form, present difficulty in differential diagnosis from 4 
benign bone tumour. Lesions of the jaw are omitted because of their specia! characteristics. 

After an introduction dealing chiefly with classification of bone tumours—always a thor!) 
problem if one is to avoid, as these authors do, an u .co-ordinated series of unclassifiable lesions 
and a preliminary chapter on general principles of diagnosis and treatment, each lesion is describ: d 
individually. The characteristics are clearly set out and illustrated by well chosen and well reproduc: d 
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ra. ographs and photomicrographs. In many instances cases from the authors’ own personal 
ex rience are used to exemplify the general clinical features of a lesion or to illustrate a specific 
pc t. Under each disease entity a section is included on pathogenesis; and the theories, both discarded 
ar current, on the origin of the lesion, are set down clearly and without prejudice. I found this 
p: icularly interesting. Each chapter has evidently been written after a thorough review of the relevant 
li) ature, and the authors have clearly been much influenced by the studies of Jaffe and Lichtenstein. 
T have added to this background a wide personal experience based on most of the tumours from 
tt south-east region of France. The bibliographies at the end of each chapter are excellent in spite 
0 nirritatingly large number of typographical errors. A table of contents is given at the end of the 
b -k but unfortunately not an index. 

This book should competently fill the need, mentioned by Professor Michel Salmon in the preface, 
fc a book in the French language which both synthesises the voluminous literature and at the same 
ti e includes a personal experience of benign bone tumours. For the English reader it is unlikely 
tc eplace the recent text-books of Jaffe, Lichtenstein and Dahlin.—Mary Catto. 


R. Jiographic Atlas of Skeletal Development of the Hand and Wrist. By William Walter GREULICH, 
Professor of Anatomy, Stanford University School of Medicine; and S. Idell PyLe, Research 
Associate, Departments of Anatomy, Western Reserve University and Stanford University Schools 
of Medicine. Second edition. 129} in. Pp. xvi 256, with many figures, line drawings, charts 
and tables. 1959. Stanford, California: Stanford University Press. London: Oxford University 
Press. Price £6. 


{vas of Roentgenographic Measurement. By Lee B. Lustep, M.D., Associate Professor of Radiology, 
University of Rochester School of Medicine and Dentistry; and Theodore E. Keats, M.D., 
Professor of Radiology, University of Missouri School of Medicine. 11 7} in. Pp. 176, with 
119 figures. Index. 1959. Chicago: Year Book Publishers Inc. London: Interscience Publishers 
Ltd. Price £3, 8s. 


It is a pleasure to welcome a second edition of Greulich and Pyle’s Atlas. Since publication in 
1950 the predecessor has become a standard work of reference and a really valuable diagnostic 
instrument in many departments of radiology, particularly in those with an orthopaedic bias. It has 
unfortunately been out of print for several years and, with the publication of this new edition, the 
opportunity has been taken to make improvements. The reproduction of the radiographs is much 
better and new line drawings of maturity indicators are excelleni, but the most valuable new feature 
is the inclusion of the Bayley-Pinneau tables for predicting adult height from skeletal age. The book 
is larger and is altogether more beautifully produced. Inevitably there has been some increase in 
the cost. 
Another volume of similar interest to radiologists is the recently published Atlas of Roentgenographic 
Vieasurement. The study of the normal by radiology has led to methods of measurement for almost 
every tissue system. The authors have appreciated the difficulty of locating many such reports in the 
literature, and this book is essentially a concise summary of the more valuable contributions. The 
radiographic techniques, the method of measurement and the source of the original material are 
described. Since the measurement of the clearly defined structures of the skeleton are more precise 
than those of other tissues it is not surprising that the space devoted to this section represents almost 
lf the book. Of the many techniques described some are well known and are already in common 

use. Others deserve more attention and still others are of doubtful value. An outstanding omission 
the work of Greulich and Pyle: the results of Todd, the originator of their methods, are alone 
1oted, although out-dated. Nevertheless, the idea of this book is good and it provides another 
eful instrument to have at one’s elbow during the interpretation of radiographs of the skeleton. 
ie next edition may be expected to be of even greater value.—R. O. MURRAY. 


etermination of the Mineral Content of Human Finger Bones by Silver Analysis of Roentgenograms. 
By Pekka VirTAMA. Acta Anatomica, Supplement 29. 107 in. Pp. 100, with 26 figures and 
22 tables. 1957. Basle and New York: S. Karger. Price S. fr. 14.60. 


This is Supplementum 29 of the Acta Anatomica and like most such supplements is something 
‘tween an extended article and a contracted thesis. It is the report of yet another technical attempt 
assess bone density from a clinically practicable radiograph, but, like every other exercise of this 
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kind, unly the technique is presented and there are no results accruing from its application to diag 
and pathological problems. 

The method in outline is to radiograph the hand alongside a reference system of phantom 
and Perspex boxes containing various amounts of bone powder. After mechanised develo; 
the areas of the radiographic images of the phalanges are then measured with the aid of a photog 
enlarger, and the image of each phalanx cut out. The photographic density of each bone is 
arrived at by chemically estimating the amount of silver precipitated in the image. Phalang 
eighty-six necropsy subjects were so studied, and calibration of the radiographic method was ach 
by ashing the bones radiographed and determining their mineral content; by regression analys 
equation was obtained. 

The booklet is of some value, not so much for the technical method devised, for this will prot bly 
never be used for any important survey, but for the author’s discussion on the variables of radiogr >| 
and his tricks for stabilising them.—D. H. CoLLins. 


La Spina Bifida. By O. BARUFFALDI and N. Divano, Assistenti della Clinica Ortopedica dell’ Unive ita 
di Genova. 9} 7 in. Pp. 148, with 58 figures, some coloured, and including 25 radiogr: »hs 
and 9 tables. 1959. Index. Padova: Cedam—Casa Editrice Dott. Antonio Milani. Price 3,000 ‘re 


In this monograph the authors present a very careful and detailed account of all the form. of 
spina bifida (including spina bifida anterior) and of cranium bifidum, and their complications; nam ely 
hydrocephalus, other deformities of the spine and deformities of the limbs. An enormous amount 
of research has been done into the literature on the subject, and the bibliography cites no fewer tan 
300 works, of which 100 have been published within the last ten years. The list is at the end of the 
book (occupying seventeen and a half pages), which makes it difficult to refer back from a refereice 
to its place in the text. 

After discussing embryology and etiology, without however shedding any new light on the latter, 
the authors give a classification of these congenital malformations which is both simple and practical. 
They divide them into two groups: 1) those with, and 2) those without involvement of the spinal 
cord or nerves. The varieties in each group are then described in detail and illustrated by excellent 
diagrams showing the three meningeal and the nerve tissues in different colours, thus making the 
pathological anatomy of the different types abundantly clear. There are also numerous well reproduced 
radiegraphs showing the bony defects and some very good pictures of histological preparations, 
several in colour, of sections of the spinal column and cord at the site of the lesions. 

The importance of careful clinical examination of the infant within the first few hours of life is 
stressed and the appearances of the various types of spina bifida are minutely described, so that an 
accurate diagnosis can be made at once on which the decision whether to operate immediately (the 
first day of life being considered the most favourable time) depends. It is interesting to note the 
importance that the authors attach to the neurological findings, which many authorities here regard 
as too unreliable in the newborn infant. The association of hydrocephalus with myelomeningocele is 
described, and the Arnold-Chiari mechanism of its production is very convincingly illustrated by a 
series of drawings. ; 

A chapter on the deformities of special orthopaedic interest enumerates the malformations that 
may be met with and gives their incidence. Their treatment differs in no way from that given in the 
absence cf spina bifida, though the presence of the sensory changes should lead to extra care in the 
application of plaster or splints. 

The authors state that the treatment of all types of spina bifida, except perhaps spina bifida 
occulta, is surgical. They give reasons for this and a detailed account of the best time to intervene 
and the scope of operation in each case. The results are tabulated in the last chapter, and the resul!s 
from a number of other clinics are given. 

This book is very well produced and has an adequate index. It gives a clear account of the present 
state of our knowledge about these congenital abnormalities. It is beautifully illustrated and will t 
very valuable to anyone seeking information on spina bifida, its complications and what associate 
deformities are likely to be encountered. To the paediatrician and neurosurgeon especially it shou 
prove useful as it is they who deal with the early diagnosis and treatment. To the orthopaedic surge: 
it will serve as a timely reminder to examine the whole patient when faced with any congenit 

deformity.—-E. Henrietta JEBENS. 
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Back Pain and Sciatica. With Special Reference to Secondary Lumbosacral Insufficiency. 
By Olavi LEIKKONEN, the State Hospital of Tampere. 9} x 6} in. Pp. 100, with 4 figures, 19 plates 
and 19 tables. 1959. Copenhagen: Ejnar Munksgaard. Acta Orthopaedica Scandinavica, 
Supplement No. XL. Price Da. kr. 27.00. 


Olavi Leikkonen, in this monograph, has added another contribution to the vast literature 
mulating on the subject of mechanical derangement of the lumbar spine. A refreshing review of 
e of the pioneer works that form the corner stones of our present knowledge is followed by a clinical 
y of 314 patients who have been treated surgically for lesions of the lumbar spine. 

Leikkonen is careful to stress the difference between the treatment of a prolapsed disc and that of 
instable lumbar segment. For the latter he advocates fusion, and he lists three techniques which 
» been used in the State Hospital of Tampere, namely the Bosworth H-graft and a single and a 
ble tibial graft applied to the spinous processes. Intercorporeal and intertransverse fusion have 
been used. Myelography has been employed often, and in 78 per cent of cases there was conformity 
veen the radiological findings and the condition found at operation. Discography has been helpful 
he few occasions when it has been used. The rate of “cure” in patients who have undergone 
yn is high, but:no mention is made of the radiological appearance of the graft after operation. 
‘+r 314 operatiohs on the low back 60 per cent of patients were cured, 30 per cent improved and 
yer cent no better or worse. The final chapter is a discussion embodying many crucial points 
nterest, especially the detailed nerve supply of the soft tissues controlling the lumbar spine. 
ip NEWMAN. 


Schanz Osteotomy for Irreducible Dislocation of the Hip. A Clinical Study with an Evaluation 
of Results Based on the Follow-up of 100 Cases. By Risto KiviLAakso. Annales Chirurgiae et 
Gynaecologiae Fenniae, Volume 48, Supplement 84. 9 <6 in. Pp. 41, with 8 figures and 3 tables. 
1959. Helsinki: Societas Medicorum Fennica Duodecim. Price F. mk. 400. 


At the outset of this article the author explains clearly the rationale of this operation and compares 
it with the Lorenz bifurcation osteotomy. Because of lack of orthopaedic facilities and the more 
urgent need of war wounded, a large number of children in Finland during the war years 1939-45 
received no treatment for their dislocated hips; thus the author was able in ensuing years to perform 
the Schanz osteotomy on 176 hips in 134 patients. The main indications are pain and hip * fatigue.” 
The original operation has been modified to a notched osteotomy at the lower level of the original 
acetabulum with the addition of anterior angulation to the usual medial angulation, to increase 
stability at the hip and to diminish lumbar lordosis. Some form of metal fixation was used in most 
cases, with plaster of Paris immobilisation in all. Weight bearing was generally allowed ten to twelve 
weeks after operation, and the patients left hospital after three to four months. Apart from the usual 
complications that may occur with any operation, alteration of the angulation, delayed union and 
refracture were encountered. 

The results (131 hips) in 100 patients are recorded after two to twelve years; a good result (16 per 
cent unilateral, 6 per cent bilateral) produced a stable hip, normal lumbar curve and no pain; a 
satisfactory result (56 per cent unilateral, 44 per cent bilateral) allowed a stable hip, lordosis but less 
pain than before operation; a poor result (28 per cent unilateral, 50 per cent bilateral) was obtained 
when the hip instability and poor function remained, while the patient considered that no improvement 
had been effected. 

This series is the largest yet recorded but gives a less optimistic picture than some others, notably 
those of Dahs and Schwarz (1932) and of Hass (1943). Poor results are attributed mainly to increased 
or decreased angulation of the femoral fragments, osteotomy too low, or osteoarthritic change in the 
fa'se acetabulum—a point against recommending the operation in patients of over thirty years; the 
author rightly cautions against recommending it lightly in bilateral cases. The text is well written, and 
w th honesty; there are several good radiographic reproductions, which are most informative. The 
0} eration has not been universally popular in this country; fortunately its need has not been frequent, 
aid it is hoped that its need will be even less frequent in the future—David Trevor. 


D\Hs and SCHWARZ (1932): Die tiefe subtrochantere Osteotomie bei veralteter Luxatio coxae congenita. 
Nachuntersuchungen nebst kritischen und epikritischen Bemerkungen. Archiv fiir klinische Chirurgie, 
169, 494. 

H ss, J. (1943): A Subtrochanteric Osteotomy for Pelvic Support. Journal of Bone and Joint Surgery, 25, 281 
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Chirurgie der Hand. Atlas der Operationstechnik. By Marc IseLin, Chirurg am Krankenhau: yon 
Nanterre, Beratender Chirurg des Amerikanischen Hospitals (Paris), Mitglied der Akadem:. fijr 
Chirurgie. Unter Mitarbeit von Luc Gosse, Serge Boussard, Daniel Benoist, Assistenter des 
Krankenhauses Nanterre. Deutsche Ubersetzung von Dr. Med. Alfred Lamesch, Chirurg che 
Abteilung des Marienkrankenhauses Hamburg. Mit einem Geleitwort von Prof. Dr. O. Hilgeni ‘dt, 
Augusta-Krankenanstalt Bochum. 9103 in. Pp. xii+325, with 693 figures. 1959. Stutt: «rt: 
Georg Thieme Verlag. Price DM 69. 


Dr Iselin of Paris is one of the pioneers of hand surgery in modern times. This atlas app ars 
thirty years after the first edition of the author’s text-book on the same subject, and concentrate on 
techniques. It is beautifully and copiously illustrated with line drawings and has sufficient te> to 
explain the steps of each procedure. There is no discussion of diagnosis, operative indicati \s. 
prognosis or results, all of which are to be found in the text-book referred to. It would be sy 
to find features to criticise in a work of this sort; yet one must recognise that hand surger is 
very much an artist’s craft. Surveying this work one should pay homage to a devoted artist 4d 
recognise that such a man can achieve marvels even by unorthodox techniques. It should no: be 
judged only by what it shows but also as a companion to time spent with the master in his cli ic. 
Apparently in Germany interest in the surgery of the hand in the modern sense has only recently b en 
aroused. Iselin’s work, now translated into German, should provide a further stimulus in ¢ at 
country, to study and advance in this important subject, to which already notable contributions h ve 
been made by Georg Hohmann.—Norman CAPENER. 


Manual of Osteopathic Technique. By Alan STODDARD, M.B., D.O., D.Phys.Med., Consultant in 
Physical Medicine, Brook Hospital, London. 9} x6 in. Pp. 275, with 160 figures. Index. 19 9. 
London: Hutchinson Medical Publications Ltd. Price SOs. 


Anyone who wants to learn how to manipulate the joints of the spine could do no better than reid 
this book, because the technique is clearly described and beautifully illustrated. But if he hopes io 
learn more of the pathology of the disorder that is being treated, he will, | am afraid, be disappointed. 
The author, like others before him, is content to describe the ** osteopathic spinal lesion” in general 
terms that give no indication of its real nature. And his attempts at detailed pathological explanations 
are either based on irrelevant animal experiments, or else are deductions from the accepted medic! 
literature that have no apparent scientific justification. 

Dr Stoddard complains in his preface that a separate school of osteopathic thought is maintained 
because the medical profession fails to recognise the true importance of the ** structural factor ** and 
** mechanical derangements ”’ in the etiology of disease. The profession does not deny the value 
of manipulation for the relief of pain in certain circumstances, and many doctors and _ physio- 
therapists now include manipulation in their therapeutic armamentarium, but it does think it wise: 
to admit that the method is empirical rather than to accept an explanation that is not soundly 
based.—Philip WILEs. 


Beitrage zur Manuellen Therapie. Eine Sammlung von Vortragen anliszlich des Internationale: 
Kongresses fiir manuelle Therapie vom |. bis 4. Mai 1958 in Baden/Schweiz. Zusammengestell| 
von Dr. med. J. C. TERRIER. 1057} in. Pp. 173, with 16 figures. 1959. Stuttgart: Hippokrates 
Verlag. Price DM 24.50. 


This is the report of a Symposium on Manipulative Therapy organised by the Medical Society 
for Manual Therapy in Baden, Switzerland. Papers from twenty-seven exponents are presented and 
offer data on “ factors pertaining to the domain of manual therapy,” such as “ The Hand as an 
Instrument of Man’s Will,’ “* The Present State of Manual Therapy in France,” ** The Short Leg 
Syndrome,” ‘** The Modern Theories of Essential Headache,” ** The Skin-projection Diagnosis, 
and the so-called “electrical syndrome.” The reader will find some of the papers acceptable on 
orthodox grounds, others he may perhaps merely take note of with a certain amount of scepticism 
—W. D. COLTART. 
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